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Preface

This study seeks to demonstrate the added value that
microcomputer—-based logistics support models can bring to
the supportability analysis and decisicon making process.
Microcomputer-based models promise greater flexibility and
ease of use that can help a wide variety of Air Force
managers quickly and more thoroughly assess the complex
logistics support process.

While the ultimate writing task was mine, this research
could not have been completed without the assistance of many
people. I wish to thank my thesis advisor, Lt Col Robert
Materna, for helping me to focus my research into a specific
modeling area, as well as providing me with encouraging
feedback. Additicnally, I wish to thank both Capt Clinton
Campbell and Mr Carroll Weidenhouse for their many practical
suggestions, comments, and motivation. Without their valued
assistance, this research would have been much more
difficult. I'd also like to thank management and staff of
the USAF PRAM Program GCffice for their generous assistance,
understanding., and patience. Finally., I'd like to express
my gratitude to my wife Jan, whose gentle understanding made

the entire thesis process easier to bear.

NDavid P. Martin

11




Table of Contents

Page

Preface ... . . . e 11

List of Figures .. ... .. i e e vi

List of Tables . ... . . .. . . . . e vii

List of Acronyms ... ... ... . e 1%

Abstract . K11

I Introduction . ... ... . .. .. e 1
General Issue .... ... . . .. ... e 1
Background . ... ... ... 4
Research Problem ... .. .. ... .. .. .. ... ... o}
Assumpltions . ... . ... e 6
Investigative Questions ............. ... ... 7
Scope and Limitations ........ ...... .. ..., 3

IT. Literature Review .. ... ... ... .. ... ... . ... ..... 9
OQverview and S5SCOPe . ... .. 9
The Importance of Technological
Innovation ... ... .. ... 9
Technological Innovation: Its Military
Importance . ... ... . .. e 12
The USAF PRAM Program Office ............... 15
Microcomputer~based Logistical Assessment
Models: Analysis Tools ....... ... .. ..... ... 21
The Supportability Investment Decision
Analysis Center (SIDAC): Making Sense of
Microcomputer Logistics Support Models ... .. 53

III. Methodology ... .. ... . . . . 57
Introduction ........ .. ... 57 h
Phases of the Research Process ............. 7
PRAM Proposal Selection .................... 39
Determining Level of Analysis Required ..... 50 wor
Initial Microcomputer-based Logistics ———E§7~—
Model Survey .. ... . ... ... g1 !
Additional Data Collection Efforts ......... 62 3 g
Final Model Selection ...................... 62 ° 0]
PRAM Project Proposal Analysis Using O
Selected Models ... . ... ... . 63

ton/

N Ayallabillty Codes
iii r*' ‘Avetl asifor




Analysis and Findings ......... ... ... ... ...

Project Selection ............ ... ... .. ... ....
Description of Selected Projects ........ .. ..
F-15C/D Main Landing Gear Wheel
Improvement .. ... . .. .. ... ...
C-141A/B Variable Speed Constant
Frequency (VSCF) System ................
AN/ALR-46/69 Signal Processor
Power Supply Improvement ...............
Determination of Analysis Level .............
F-15C/D Improved Wheel .................
C-141A/B Variable Speed Constant
Frequency (VSCF) System ................
AN/ALR-46/69 Signal Processor Power
Supply .
Categories of Analysis ... ... .
Rational ... ... . . .
Initial Model Survey ...... ... .. .. ... ...
Additional Data Collection Efforts ..........
Methodology Established for
AN/ALR-46/69 Power Supply
Data Aggregation ............... . .......
Final Model Selection Process ...............
Non-selected Models ....... ... ..........
Quantitative Analysis Using
Selected Models ... ... .. . . ... . ... . ... .
F~-13C/D Improved Aircraft Wheel ... ... ..
Rational for Using SILCC ............
Analysis Using SILCC .... ...........
Findings .. ... ...
SILCC Limitations ................
C-141A/B VSCF System ...................
Rational for Using CASA .............
Analysis Using CASA ... ... ..........
Findings ... ... ... . ... . .
AN/ALR-46/69 Signal Processor Power
SUPPLlY e
Raticnal for Using CASA .. ......... .
Analysis Using CASA .. ...............
Findings ........ . . .. . . ...
Limitations of CASA . .............
SIDAC Analysis Assistance ...................

Conclusions and Recommendations .................
Review . .. .. e

Research Results ... ... .. .. ... ... . .. . ... .. ...
Decision Jl.evel Analysis ................

1v

64

65

66
67
68

70
73

-2
/

74
77

82
87
88

93
94
94
97
102
103
105
105
108
114

117
117
118
125
126
128

139
130

131
131




Initial Model Survey and Data
Collection .. .. .. i e
Data Collection ....... ... ... ... .. .....
Final Model Selection ............ ... ... ... ...
Using Models to Perform Quantitative
AnalysSi1s .. ... e
Benefits of Microcomputer-based
Logistics Model Use .......... ..........
Limitations of Microcomputer
Model Use . ... ... .. . . .. .. .. .
SIDAC Analysis Assistance ...................
Recommendations for Further Research ........

Appendix A: Sample Project Worksheet ................

Appendix B: F-15C/D Improved MLG Wheel Project
Worksheet ... . e

Appendix C: C-141 VSCF System Project Worksheet ... ..

Appendix D: AN/ALR-46/69 Signal Processor Power
Supply Project Worksheet . ......... ... ... ... . ... . ...,

Appendix E: Initial Input Values for F-15C/D
2014 Alternative ... ... e

Appendix F: Initial Input Values for F-15C/D
RST Alternative ... . ... e

Appendix G: Ranked Sensitivity Analysis of
2014 Variables .. ... .. e

Appendix H: Ranked Sensitivity Analysis of
RST Variables ... ... . e e e

Appendix I: Initial Inputs for C-141A/B CSD
Alternative . . ... . e

Appendix J: Initial Inputs for C-141A/B VS3CF
Alternative . ... .

Appendix K: Initial Inputs for AN/ALR-46/69 Existing
Power Supply Alternative ....... ... ... ... .. .. ...

Appendix L: Initial Inputs for AN/ALR-46/62 Improved
Power Supply Alternative .. ... .. .. .. .. . . i .

Page

132
134
136

141
143
143
148

151

154

157

160

161

162

163

164

167




List of Figures

Figure Page
1. The Logistics Model ..... ... .. . .. .. . . i, 26
2. Models Evaluated in the Rand Report ............... 32
3. Continuum of Microcomputer Logistics Support

Models ... .. .. e 38
4. Accepted DOD Models Integrated into the LAMP/LAWS

Composite Model . ...... .. . . . . . . . .. 45
5. Cumulative LCC Probability Curve For C-141A/B VSCF

Alternative .. ... e e 115
6. Cumulative LCC Probability Curve For AN/ALR-46/69

Improved 5Signal Processor Power Supply
Alternative .. ... . e e 124

vi




List of Tables

Table
1. Original Data Available for F-15C/D Improved

Wheel . ... . e
2. Original Data Available tor C-141 VSCF System .. ...
3. Original Data Available on AN/ALR-46/69 Signal

Processor Power Supply ... .. . .
4. Categories of Analysis for PRAM projects ..........
5. AN/ALR-46/6Y Signal Processor Power Supply Mean

Time Between Maintenance (MITBM) Calculations using

Aggregate Reliability Data Methodology .......... . .
6. Kesults of F-15C/D Improved Aircraft Wheel Baseline

Analysis Using Criginal NRTS Rates .............. ..
7. Results of F-15C/D Improved Aircraft Wheel Baseline

Analysis Using Adjusted NRTS5 Rates . ... ... .. .......
8. Results of F-15C/D Improved Aircraft Wheel

Sensitivity Analysis Using the Ten Most

Sensitive Variables Identitfied by SILCC ... ...... ..
9. Results of C-141A/B C3D vs VSCF

Baseline Analysis .. ... ...
10. Sensitivity Analysis Examining LCC Effects ot

Changing VSCF MTBY, MTTR, and Unit Costs While

Holding CS3D Costs Constant ........ ... ... ... . ....
11. Sensitivity Analysis Examining LCC Ettects ot

Changing CSD MTBF, MTTR, and Unit Costs While

Holding VSCF Costs Constant ... ... .. ... ...... .
12. Results of C-141A/B V3CF System Sensitaivity

Analysis for 5Selected Variables Using CASA ... ... ...
13. Parameters Selected for C-141A/B V3CLF

Risk Analysis ... . .. e
14. Results of AN/ALR-46/69 Signal Processor

Power Supply Baseline Analysis ....................
1. Sensitivity Analysis Examining LCC Effects of

Changing Improved Power Supply MTBF, MTTR, and
Unit Costs While Holding Current Power Supply
LCC Constant . ... .. ... e

Page

69

71

101

109

ilo

i

112

113

119

121




16.

17.

18.

19.

Sensitivity Analysis Examining LCC Effects of
Changing Existing Power Supply MTBF. MTTR. and
Unit Costs While Holding Improved Power Supply

LCC Constant . ... ... e

Results of AN/ALR-46/69 3Signal Processor Paower
Supply Sensitivity Analysis tor Selected
Vartiables Using CASA ... . . . .

Parameters Selected for AN/ALR~-4¢6/69 Improved
Signal Processor Power Supply Risk Analysis

Comparison of ROI Calculations

V1111

Fage




AALPS:
AAM:
AFIT:
AFLC:
AFSC:
ALC:
AOH:
ASD:
BMHC :
BMMC :
BMMH :
BSC:
BSTK:
CASA:
CNLV:
CSC:
CSD:

DLR:

DMH :
DMHC :
DMMC :
DMMH :

DOD:

Li=s*" of Acronyms

Automated Air Load Planning System

Aircr
Air F
Air F

Air

aft Availability Model
crce Institute of Technology
orce Logistics Command

orce Systems Command

Air Logistics Center

Annua

1 Operat*ng Hours

Aeronautical Systems Division

Base
Base
Base

Base

Contl
Conde
Const
Depot
Depot
Depot
Depot
Depot
Depot

Depar

Maintenance Maahour Cost
Maintenance Material Cost
Maintenance Manhours
Spares (Cost

Spares

Analysis and Strategy Assessment
dence Level
mnation Spares Cost

ant Speed Crive

Labcr Rate

Material Cost

Maintenance Manhours
Maintenance Manhour Cost
Maintenance Material Cost
Maintenance Manhours

tment of Defense

1X




DRC:

DSC:

DSTK:

FHF :

IM:

IMCC:

ISTAP:

JTIP:

LAMP:

LAWS:

LCC:

LCCHPC:

LSA:

LSC:

MODAS :

MTBD.:

MTBF :

MTBM:

MTBR:

MTTR:

NRTS:

0&5:

PIUP:

PMSH .

Dynamics Research Corporation
Depot Spares Cost

Depot Spares

Flying Hour Factor

Item Manager

Inventory Management Costs

Information Systems Technology Application
Program

Joint Technology Insertion Program
Logistics Assessment Methodology Program
Logistics Assessment Work Station

Life Cycle Cost

Life Cycle Cost Analysis Program, version H fcr
Personal Computers

Logistics Support Analysis
Logistics Support Cost
Maintenance and Operational Data Access System
Mean Time Between Demand

Mean Time Between Failure

Mean Time Between Maintenance
Mean Time Between Removal

Mean Time To Repair

No Repair This Station
Operations and Support

Projected Inventory Usage Period

Peak Direct Maintenance Shop Manhours




PRAM: Productivity, Reliability, Availability, and
Maintainability

PSC: Packing and Shipping Costs

QCs: Condemnation Spares

RAMDAS: Reliability and Maintainability Data Access
System

R&D: Research and Development

ROI: Return on Investment

RST: Rapid Solidification Technology

RTS: Repairable This Station

R&M: Reliability and Maintainability

SCOPE-MOD: ©System Cost Operational Performance for
Modification

SDTC: Second Destination Transportation Cost

SEC: Support Equipment Cost

SIDAC: Supportability Investment Decision Analysis
Center

SILCC: Statistically Improved Life Cycle Cost

SPM: System Program Manager

SPO: System Program Office

3YST: Jystem Investment Cost

UcC: Unit Cost

ULS: Useful Life Savings

VSCF: Variable Speed, Constant Frequency

X1




AFIT/GLM/LSM/895-40

The purpose of this research was fto damonstrates haow

micracomputer—based 1o

le]
-
Us
t
-
)
i
=
)
[oN
D
Vo
if)
@]
)
e
—
L

nance the analysils of major project propoesals Ly oho 17

Tigm o~ Ay G W 3 F s - N 4 . R SR - e
Froqauctivaty, Reiis 1 L1INY. Avzilabiiany, and Maintairnzbalo R

R ~ TyE - T o . - . - PN H -
(FRAMY Frogram Cfrfice The research used a toailired up-

aEzsumeng that the uzs f mores than one mod=sl Wil
be reguir=2d.
The study starts by raviewing the apoviancs of ©oonns
logy in3=srtion ta the miliitary g T the A Foroo

M . . - 1 -~ . = vy A BN -, - - . YA R -
i1ty Avariabilaity., and Maintainabilaity (PRAMY FBrooran

dffite 1z dirscusced. Included 12 the pro G A

to assess technology 1nzertion U The baix ot th

litzrature review discuzzes the TLoTTmpnatey cnure
zing on the capabitiit: thiat

2jected o analvoes
Ly cents v entod Mool onn oot ol taken ot
PRAM offi1-e, whigh been yoaralyzed by othie
Betore any ool Le mads wWhloh ome Lo
be usedl Lo periorm it anaivsis. o st ure
was taxern toodetermine the deon FroorIentat o an




ol

PR

apabili

o

have

that might

-~

42

0

M

gulred fcor esach pro

.
o~

r amount <

I

at

okl

[
Y4

(38

A

(e}

1943

42

0l
s
@5}
LYl
et
4

davg

v

aaapta

e




USING MICROCOMPUTER-BASED LOGISTICS MODELS TO ENHANCE
SUPPORTABILITY ASSESSMENT FOR THE USAF
PRODUCTIVITY, RELIABILITY,2VAIIABILTITY AND MAINTAINABILITY

(PRAM) PROGRAM OFFICE: A TAILORED APPROACH

I. Introduction

General Issue

During the last quarter century, the pace of techno-
logical innovation has been staggering. Large organizations
struggle to keep up with the explosion of innovative prod-
ucts and services. In today's complex technological en-—
vironment, any organization that fails to seize the oppor-
tunities that technology offers often loses 1ts strategic
advantage over competing organizations.

Technological innovation 1s an extremely important
1ssue for the military. While technological innovation is
only one part of the overall military equation, when used
properly it 1s "a significant discriminator on the modern
battlefield," as well as a force multiplier (29:33).
Failure of the military to transfer technological i1innova-
tions from 1deas, labosatories, or from the private sector
into practical field applications may mean loss of stra-
tegic, tactical, and logistical advantages.

Technology 1insertion often offers the chance to reduce
costs, while improving performance, reliability, and main-

tainability at the same time. This 1s true not only in new
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rudimentary, these managers usually welcome any efforts to
improve their quantitative ability.

In the past, detailed quantitative analysis of the
costs and benefits associated with technological innovations
proved to be a cemanding task due, 1in part, to the lack of
portable, easy-to-use logistics support models that could
help the analyct make sense of the massive amount of data.
Many models existed on larger mainframe computers, and their
restricted access and complexity often discouraged many
support analysts from using them.

Today. however, advances in microcomputer technology
have dramatically changed this process. Large increases in
microcomputer memory, drastic reductions in the price of
microcomputer hardware, and impressive i1mprovements in
microcomputer software have all contributed to the appear-
ance of several microcomputer-based logistics support models
that promise to greatly simplify the task of supportability
assessment (40:39). Further improvements in this area offer
the promise of even more logistics models in the very near
future.

While the creators of these computerized logistics sup-
port models extol their virtues and promise assistance in
supportability assessment, their arrival has spawned quite
another dilemma. With all the logistics support models
availablz today, how does an analyst know exactly which

inodels to use? Additionally, how can the models practically
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effectiveness and support cost problems reported by any Alr
Force unit (14:1-1).

The RIVET GYRO task force continued to perform its mis-
sion until 1975 when i1t was directesd to become a permanent
organization by the Air Force Chief of Staff (14:1-1). It
continued on with the same objectives of the RIVET GYRO task
force, and existed as a separate agency until 1987, when it
became part of the Air Force Logistics Command (AFLC)/Air
Force System Command's (AFSC) Joint Technology Insertion
Program (JTIP). The expanded mission of PRAM under JTIP 1s
"to provide Air Force activities the means to 1mmediately
respond to new 1deas to enhance combat effectiveness, im-
prove productivity, and reduce operational and support
costs"” (14:1-1).

A major portion of PRAM's activities consists of evalu-
ating these new 1deas and technologies for adaptability to
existing Air Force weapon systems. Projects proposed to
PRAM can come from almost anywhere; from such diverse places
as aircraft and item users, maintainers, or defense con-
tractors (44).

All of the proposed projects are evaluated against Air
Force supportability criteria, with the focus on improve-—
ments over existing systems. This evaluation process is
currently being accomplished through a manual and highly
qualitative validation process. Program managers evaluate

project proposals based on the limited data presented in the




proposal itself, personal experience in the area, and other
qualitative methods, such as consulting with other AFLC and
AFSC logistics and engineering personnel (17). While this
process has proved practical. PRAM management would like to
determine i1f and how current microcomputer-based logistical
support models can be used to assist in the evaluation of

supportability assessments for major PRAM project proposals.

Research Problem

This research was conducted to determine how the use of
existing microcomputer—-based logistics support models could
improve the evaluation and validation of technology support -
ability assessment for major PRAM project proposals. Aii:-
tionally, this study analyzed the benefits and the limi‘*a
tions of using a tailored modeling methodology for pert _::m

ing PRAM project proposal evaluation.

Assumptions

1. The state of microcomputer-based logistical support
models has advanced to the point where & sufficiently large
number of models are available for the Air Force to consider
this problem valad.

2. PRAM project managers have sufficient knowledge of
their proposed projects to provide satisfactory answers
regarding the data required for the level of quantitative

analysis undertaken.




Investigative Questions

To facilitate this research, each of the following
questions was investigated:

1. How are proposals evaluated under the existing
system?

a. What types of decision orientations are typical-
ly considered when performing PRAM project analyses?

b. What type of data collection procedures are used
in gathering data to evaluate proposals?

2. What reliability, maintainability, supportability,
and life cycle cost variables are appropriate for each pro-
posal? Additionally, who determines the validity of these
variables?

3. Are there validated microcomputer-based logistics
models 1n existence for evaluating these measurements?

4. Do microcomputer-based logistics support models
exist which can be adapted to specific PRAM proposal evalua-
tions?

5. Can a tailored approach (the use of one or more
models, or a combination of models) be used to assist 1in
PRAM proposal validation across a wide spectrum of Air Force
equipment and weapon systems?

6. What limitations exist in using current micro-
computer—-based logistics models 1n evaluating PRAM project

proposals?




7. Can the use of current microcomputer-based,
quantitative logistics models assist in the cost/benefit

analysis of technology insertion?

Scope and Limitations

At any given period of time the PRAM Program office has
more that 100 active projects under consideration. As this
was exploratory research, 1n order to sufficiently narrow
the scope of the research effort, only three project pro-
posals were used for evaluation. According to PRAM person-
nel, these projects were typical of the range of proposals
received by the PRAM office. Once the level of management
analysis and data requiremepts were determined, each PRAM
proposal was quantitatively analyzed using the model that
best suited the analysis. While using more than one model
for proposal analysis and then comparing results would
greatly improve the 1internal validity of this research. 1t

was beyond the exploratory nature of this study.




IT. Literature Review

Overview and Scope

This review starts with the general issue of technology
insertion, beginning with a broad overview of the issue, and
ends with a discussion of specifically how the PRAM Program
office adapts existing technologies to Air Force applica-
tions. Next, the use of microcomputer-based models as a
means of gquantitatively evaluating proposals for technoloqgy
insertion within the Air Force is examined, starting with a
discussion of the expanding use of these models and con-
cluding with specific examples of their use. The final
section of this review discusses current Air Force efforts
to adopt a similar tailored methodology through the estab-
lishment of the Supportability Investment Decision Analysais

Center (SIDAC).

The Importance of Technological Innovation

Few would argue the importance of the need for tech-
nological 1nnovation 1in today's environment. Allesch, 1n
his article about the i1nnovation process and technoloagy.
remarked that because of the shortening of life cycles 1n
technological development, innovation "has become a decisaive
factor for survival” 1n today's organizational world (1:3).

Because technology 1nnovation 1s so vital, Allesch

argues that i1nnovation must be systematically managed and




supported by top management within the organization.
Allesch states:

The positive attitude of top management and executives

towards innovation, and their support of those staff

members directly involved in particular phases of the
innovation process will decisively influence its suc-

cess (1:3).

Allesch goes on to discuss huw the innovation process
should function within an organization, including five
speci1fic phases for successfully managing innovation: the
recognition of opportunity; 1i1dea formulation; product defirn-
ition; prototype solution; and finally, technology utiliza-
tion and diffusion (1:12). While written for primariiy a
civilian industrial audience, this description of the 1n-
novation management process has brcocad implications for
military organizations as well.

Muramatsu and Ichimura alsc diccuss technological
innovation, although their discussion is more narrowly
focused on product innovation management (34:15). However,
their article does address 1important aspects involved in
managing product inncovation. In their article, Muramatsu
and Ichimura underscore the importance of product innovation
management as an important business strategy. Their sugges-
tion tha. product 1nnovation management is critical to the
fundamental survival of the corporation, also has implica-
tions for the military. While the military has no market
share to gain or hoid, 1t 13 very concerned with maintaining

strategic advantage.

10




Muramatsu and Ichimura contend that any effective
evaluation of product improvement management includes the
use of specific measurements to gauge management progress.
Although two of the measurements, the new product sales to
total sales ratio and the profit gained by new product to
total sales have no military equivalent, the concept of
using return on investment (ROI) as a measure of management
success 1s used 1n Air Force product 1nnovation management
(44) .

The authors note the importance of developing informa-
tion to help 1n the analysis of new product development.
Product characteristics that should be evaluated during
development 1nclude:

- specification

- efficiency

- reliabilaty

-~ safety

- maintainability

- ease of operation

— transportabiiity

- feeling

- guarantee

- life cycle costs

- others (34.21).

Muramatsu and Ichimura state that informaticn gathered 1in
each category "will help top management make decisions
regarding new prodnct development” (34:21).

It 1s i1mportant to note that with only a few minor

moditications, the entire list of product characteristics

applies to Air Force product i1nnovation applications. as

well as civilian applications. When Air Force product
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innovations proposals are evaluated, current Air Force
regulations mandate that decision-makers consider the R&M
2000 goals of combat capability, combat support vulner-
ability, manpower, mobility, and costs when making innova-
tion recommendations (24:2). These R&M 2000 goals i1incor-
porate all of the product characteristics that Muramatsu and
Ichimura discuss in their article on product innovation
management although they fail to mention any quantitative or
qualitative measurement considerations for product charac-

teristics (34:21).

Technological Innovation: Its Military Importance

While technological innovation has broad implications
for survival across the organizational spectrum, nowhere 1s
the successful management of technological innovations mor=z
keenly felt than in military organizations. Whereas the
failure to successfully manage technological innovation in
the corporate world might spell the demise of a particular
corporation, failure to successfully manage technological
innovation 1n a military organization can have a potentially
severe 1mpact on national security and war-making capabil-
1ty.

Retired Air Force Lieutenant Colonel David Mets high-
lighted the importance of technology on the battlefield
(32:13). Mets implied that there have been times throughout

history when technology was the decisive factor in battle.
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He also suggests that there may have been times when a newly
developed technology could have been the decisive factor,
but military leaders were "“simply not ready” to take ad-
vantage of the opportunity posed by technology. many times
because they did not believe the technology would work
(32:13).

Mets then points out several examples of where technol-
ogy could have been the deciding factor, including advances
during the civil war, the failure of military leaders to
take advantage of the technological innovations of WW I, and
a number of technological innovations in U.S. Air Force air
superiority and close air support arenas that could prove to
L2 the deciding factor on the battlefield of the future
(32:16) .

Unfortunately, Mets left out any discussion about the
evaluation of technological innovation. However, Major
Robert Maginnis, in his article "Selecting Emerging Tech-
nologies," gives us a brief expose on areas to evaluate when
selecting technologies for battlefield use (29:33).

While Major Maginnis's discussion of evaluation
criteria focuses 1n on emerging technologies for the Army.
1t also applies to existing technologies and cuts across
service boundaries as well. Maginnis suggests that 1in
testing each technology for its military application, the

Army uses the following five questions:
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1. Does the new technology allow the Army to do more
with less?

2. Will it deliver more rounds on target, travel more
miles per gallon, provide more punch per round, last
longer between overhauls and more?

2. Does the new technology reduce the current admini-
strative and logistical requirements of the system to
be replaced?

4. Does the new technology simplify training?

5. Is the new technology the best use of scarce re-
sources? (29:36-39).

Maginnis stresses the importance of selecting proper
technologies for military applications when he declares:

the U.S. and the U.5.5.R. are locked in a struggle to

capiltalize on militar, technologies. The objective is

military superici ity and political leverage. They are

able adver=aiies we must counter (29:41).

Maginnis suggests that in order to counter the Soviet
technological threat, the Army must integrate technological
innovations into 1ts weapons and equipment. He concludes by
declaring that only by evaluating technological innovations
against the five questions posed earlier 1n this article,
will the Army encounter a measured amount of success with
technological i1innovation (29:41).

Maginnis also discusses evaiuation criteria for emer-
ging technologies. In this regard, he narrows the focus of
technological 1nnovation even further than Mets, but focuses
only on selecting emerging technologies for the Army. The
methods which the Air Force uses to evaluate emerging and

existing technological 1nnovations for Air Force applica-
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tions differ somewhat, according to its unique national
security roles and missions. The next section of this
literature review focuses on one office within the Air Force
which finds itself intimately involved in the Air Force

technological innovation process.

The USAr FxAM Program Uriice

The United States Air Force has a number of research
and development programs dedicated to technological innova-
tion. However, most of them are concerned only with devel-
oping emerging technologies for future weapon systems. For
many Years there was no coordinated effort to evaluate
existing, "off-the-shelf" technological innovations for
broad Air Force application. The Air Force lost many oppor-
tunities to take advantage of significant gains 1n technol-
ogy (44). That changed in 1975, when the Air Force Chief of
Staff established the Productivity, Reliability, Avail-
ability, and Maintainability (PRAM) Program. The PRAM
Program was designated by the Chief of Staff to "immediately
respond to new 1deas to enhance combat effectiveness, 1im-
prove productivity. and reduce Air Force operations and
support (0&S5) costs" (15:1).

The PRAM office accomplishes its objectives through the
initial screening and thorough investigation of new ideas
submitted to 1t from a wide variety of Air Force and private

agencies. All of the ideas submitted to the PRAM office are
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proposals to incorporate new or existing technologiles into
fielded weapon systems or proposals to use this technology
to improve an operational or support process (17).

The PRAM Program Management Directive directs the
program office to identify projects with potential for
improvement in:

a. R&M improvements which enhance warfighting
capability and logistics perrormance.

b. Systems, subsystems, or equipment with consistently
low reliability and maintainability and/or high 0&S
costs.

c. Maintenance, operating and tralining concepts.

d. Personnel productivity including training and skill
levels.

e. Adaptability of equipment to broader applications.
f. Maintenance data collection systems, data informa-
tion analysis systems, and other procedural systems
(15:4) .
If it becomes readily apparent from initial screening that
the proposed 1dea will not improve one of the categories
listed above, the i1dea has a very low probability of being
evaluated by the PRAM office (44).
This 1nitial screening 1s also called the PRAM inves-
tigation. It is designed to provide senior PRAM decision

makers relevant answers to the following questions:

1. Is there a real problem that PRAM can realistically
affect?

2. How critical is the problem? How does 1t relate to
R&M 2000 objectives and the PRAM charter?

3. Is there a likely, practical solution? Are costs
and schedule to attain the solution realistic?
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4. Are there on—going related efforts? How are they
related? Is there a potential duplication of effort?

5. 1If approved as a PRAM project, who will manage it?
What other organizations need to participate?

6. Is there support from the operational command., the
SPO or the SPM to perform this effort as a PRAM
project?

7. Who will implement the results? How will they be
implemented?

8. If a cost saving etrtort, can the 'before” and

“after" costs be obtained? Are the net benefits

sufficiently large to justify the project? (14:3-1).
The 1nitial PRAM investigation reflects the highly qualita-
tive nature of these questions. As a result, the initial go-
ahead decision relies heavily on the subjective judgement of
senior PRAM management. The only objective of the PRAM
office at this stage 1s to determine whether or not the idea
has sufficient merit to jJustify the expenditure of resources
1in pertorming a full scale cost/benefit evaluation.

Once an 1dea has successfully survived this initial
screening process, 1t becomes a Candidate Project. A Can-
didate Project "is a PRAM project proposal for which a
project plan has been developed and all actions necessary to
present that i1dea to the PRAM board have heen accomplished
and Jocumented” (14:3-2).

The PRAM board is a group of Air Force managers who
meet as necessary to approve or disapprove the expenditure
of PRAM funds necessary to underwrite the research and/or

development of Candidate Projects. For projects with re-
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search and development costs of under one million dollars,
this board consists of senior JTIP and PRAM management.
However, once the cost of R&D for the proposed project
exceeds one million dollars, the Candidate Project must be
approved or disapproved by a General Officer's Steering
Group, consisting of General Officers from both AFLC and
AFSC (15:3).

Assuming the appropriate board approves the Candidate
Project for full scale testing and evaluation, it now be-
comes an active PRAM project. As most projects require con-—
tractor support, a procurement package 1s prepared by the
appropriate PRAM project manager. Full scale testing and
evaluation of the project then follows (44).

The successful testing of an active project normally
ends PRAM's responsibility for the project, as PRAM's
charter calls only for the research and development of any
proposed i1dea, and they are expressly prohibited from spend-
ing any funds for project implementation. The ultimate
implementation of any successfully demonstrated project
rests with the using command (44).

While the PRAM board considers many factors in ap-
proving or disapproving a project, their decisions reflect
the PRAM board's judgement of the potential for each Can-
didate Project to provide tangible benefits to the Air Force
in terms of reliability, maintainability, supportability.

and/or cost reduction. The decisions are made based on the
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information presented in the Project Manager's board brief-
ing. If the Candidate Project does not show the potential

for improvements in any of these areas, there is almost no

chance for further development of the Candidate Project.

The determination of whether any Candidate PRAM project
becomes an active project depends as much on the proper
analysis and clarity of presentation of the Candidate
Project to the PRAM board as the potential benefits of the
project 1tself. Although the project manager for each
Candidate Project must take many qualitative factors into
account, at some point during the investigation estimates ot
benefits are quantified into some measure of merit.

For all PRAM Candidate projects the‘primary measure of
merit is useful life savings (ULS), a guantitative estimate
of the tangible cost savings to the Air Force over the
useful life of the improved product or process (14:D-3).
However, many other measures of merit, such as estimates of
improved reliability, maintainability, and combat capability
are often considered during the analysis of the Candidate
Project and can directly impact the final decision ot the
PRAM board.

Although most of these estimates are presented to the
PRAM board as gquantitative estimates, usually in terms of
ULS expressed as a dollar amount, they are arrived at by
highly qualitative means. While this has proven practical,

1t has often left the project managers vulnerable to crit-
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icisms of incomplete analysis, although many project man-
agers argue that proper analysis of Candidate Projects will
always involve qualitative factors which can never be cap-
tured.

Indeed, many of the qualitative factors of the PRAM ‘
decision making process can never be captured using gquan-
titative methods. It is also a fact that we live in a
uncertain world, and performing cost/benefit analyses on
products which have yet to be fully developed for military
use 1s fraught with error and risk. But in spite of the
uncertainty of any undertaking, there are a variety of
methods used to attempt to gquantitatively analyze the costs
and benefits of projects.

Nevertheless, many PRAM praject managers have been
disinclined to apply quantitative methods to program anal-
ysis. The unfortunate result may be that decisions to
approve or disapprove Candidate Projects may be based on
1naccurate information, leading to improper allocation of
3carce resources or missed opportunities for improved weapon
systems Or processes,

Most project managers within the PRAM program office
would welcome any tool which would help them perform a
better and more complete analysis of Candidate FProjects. As
the analysis of all Candidate Projects involves an assess-
ment of costs and benefits, any tool which can provide the

project manager with the opportunity to rigorously assess




the benefits and perform sensitivity analyses may signifi-

cantly reduce the risk of ultimate project failure.

Microcomputer—-based Logistics Assessment Models: Analysais

Tools

Project and program managers in the PRAM Program Of-
fice, as well as program managers throughout the Air Force,
seek ever better ways to evaluate their programs and
projects 1n an effort to make program and project decisions
which assist in reaching Air Force reliability and main-
tainability (R&M) goals. While some i1deas for PRAM projects
have been so well thought out and presented that their
overwhelming benefits became so immediately apparent that
they did not require any in-depth analysis, most have been,
and continue to be, fairly complex, requiring an analysis ot
trade offs between reliability. costs. manpower. mobility.
and survivability (17). These decisions are often 111~
structured and are ideal candidates for using logistics
support models.

Blanchard discusses the 1integration of models with
other techniques 1n the performance of logistics support
analysis (LSA) (4:148). While his discussion of models and
analytical technigques focuses primarily on more complex
logistical analysis tasks than the supportability assess-
ments required by the PRAM office, 1t provides a good 1in-

sight into how models are used to perform such analyses.
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Blanchard sees models as analytical tools that aid in
problem solving. Additionally. models should facilitate the
logistics support decision making process. Models are
important, he argues, because they allow the analyst to
consider alternative solutions to the problem being con-
sidered (4:148). Other benefits that he ascribes to the use
of models in the LSA process include:

1. the ability of the mocdel to integrate severa. in-
dividual elements of the LSA process into an entire system,
thus allowing the analyst to uncover relationships between
data elements that might otherwise go unnoticed;

2. the ability to "rapidly and efficiently” compare
several different problem solutions;

3. the ability to define causal relationships . at
previocusly went unexplained;

4. a fairly quick indication of data needed to use any
given model ;

5. the ability to make predictions., as well as evaluate
“risk and uncertainty" (4:149).

For all the potential benefits posed by the use of
models, however, Blanchard 1s quick to note that their use
1s not without limitations. First and foremost, he points
out that models are only tools to aid the decision maker.
They do not make decisions. He also points out that because
of the unique nature of many logistical problems, the anal-

yst may have to develop his or her own model 1n order to
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completely analyze the problem at hand. This, he says, 1s a
difficult task, even under the most ideal circumstances
(4:150) .

An 1mportant problem in the use of any model 1s the
amount and accuracy of the data used in the operation of the
model. Unfortunately, while Blanchard does acknowledge the
immense 1mportance of this step i1n the successful use of any
model, he does not elaborate at all on the severe conse-
quences of using data that :1s 1naccurate or untimely.

Blanchard's treatment of models was intended to cover
both manual and computer-based models. Additionally. he pro-
vides an introduction to four categories of problems, i1n the
area of logistics, that computer—-based models were 1ntended
to help solve. According to Blanchard, these categories
include:

1. Conceptual design and advanced system development.

2. Detail equipment design.

3. Determination of specific logistical support re-
quirements.

4. Assessment of locgistics support etfectiveness
(4:438-439) .

While discussing specific computer-based logistics sup-
port models. Blanchard elaborates on earlier cautions of
model use. This time, however, his specific focus 18 on the
pitfalls and abuses of computer—-based models. He warns the
analyst against attempting to use an "all-inclusive” model.

recommending that the analyst use an "integrated set” of
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models i1nstead (4:441). Blanchard sees the use of an in-
tegrated set of models as a clearly superior approach.

because 1t provides the analyst the flexibility to solve a
wide variety of problems. However, in his enthusiasm for
this integrated approach, he fails to address the problems |
of additional training and the difficulty of model main-
tenance that such an approach brings to the LSA process.

Blanchard also warns against the potential danger ot

“gross oversimplification” of the problem through the use of
computer—-based models. While the model may be "mathe-

matically feasible,"” 1t may not be an accurate reflection of
reality. The end result might be a model which does not
provide the analyst or decision maker with any usetful re-
sults (4:441).

The last caution Blanchard makes regarding these com-
puter-based models 1s against becoming too attached to any
one specific model. He argues that there is a tendency for
analysts to become "so attached” to a specific model that
"they will 1nsist that the mode! 1s the real world and,or 1s
directly applicable to all problems at hand" (4:442).
Blanchard again warns that models are “‘only a tool" for
assistance 1n the decision making process "and cannot be
considered a substitute for experience and judgement"” .
(4:442) .

Blanchard finishes his discussion on computer-based

models by giving only a couple of examples of modeis that




exist for problems falling into logistics support or assess-—
ment categories. While he briefly describes what each mode’
accomplishes, he does not attempt to explain the relative
merits of any of the computer—based models, nor does he give
the reader many clues as to the complexity of some of the
models.

Drezner and Hillestad alsoc discuss models and their use
in analyzing logistics supportability. Their treatment of
this area was more specitfic than Blanchard's. with their
focus being on a broad review and analysis of the roles that
models have 1n solving logistics support problems. Addi-
ticnally, they discuss future trends 1n the area of logis-
tics models (16:1).

As Figure 1 i1llustrates. Drezner and Hillestad argue
that a logistics model 1s a combination of methodologies and
measurements as they apply to one or more functional areas
of logistics support (16:4). This combination of method-
ologles and measurements can be as simple as a single ap-
plication of a methodoclogy and measurement to one functional
logistics area. However, as weapon syctems become more
technologically complex., more otften a logistical model
becomes an integrated set of methodologies and measurements
being applied to a cross functional set of logistics support

areas (16:4-95).




*x x Kk % Xk

FUNCTIONAL AREA

Maintenance
Supply/Inventory
Transportation
Communication

Other (procurement,
basing, facility loca-
tion and layout, etc.)

METHODOLOGY

Simulation
Mathematical
programming

Netwseork methods
Decision methods
Statistical and
probability methods
Other (heuristics,
production functions,

etc.)
/

THE LOGISTICS /

MODEL

]

i MEASURE FUNCTIONS

1zation

ready rates

* Individual function measures--
e.g., fill rate, equipment util-

* Cross functional peacetime
measures--e.g., operational

* Cross functional wartime capa-
bility measures--e.g., combat
capable aircraft available to
fly as a function of time

Figure 1. The Logistics Model(16:4)




Drezner and Hillestad discuss the various ways models
have developed and have been used 1n each of the functional
areas. In doing so, they railse many fundamental issues of
the use of models in the logistics support arena, and sug-
gest several areas of improvement. They are concerned that
most models focus too narrowly on a single functional log.s-
tics area, and fail to capture appropriate relationships
that may occur between functional areas. They also railse
concerns about the type of mathematical, statistical, and
probability assumptions that are often carelessly generated
during model development. They point out that most models
built for logistics support assume that much knowledge
ex1sts concerning various expected values and probability
distributions occurring in logistics data. when 1n fact very
[1ttle 1s known about many of these data probability dis-
tributions (16:13).

Probably the most important i1ssue brought ocut concern-
1ng logistics models, however. 1s theilr peacetime-wartime
dichotomy. According to Drezner and Hillestad. the combined
effects of a "long period of peacetime activity tor the
military. the reduction in real defense appropriations. and
the 1ncreasing cost of sophisticated weapon systems' re-
sulted in the development of a host of models with emphasis
on ''peacetime efficiency’” (16:17). This emphasis ¢n peace-
time support objectives and peacetime efficiency, however,

contflicts with the more dynamic logistical support require-




ments that almost certainly will occur in war. Drezner and
Hillestad claim that much more emphasis is needed in devel-
oping models which will account for the logistical support
requirements needed for a variety of tactical wartime
scenarios (16:18).

While developing models that 1nclude comuat capubility
measures of merit is 1ndeed a very 1i1mportant task for future
lcgistics model developers, the simple fact remains that
rudget constraints and economic benefits remain important
parts of any good analysis. However, Drezner and Hillestad
devote ¢only a small portion of theilr article to discussing
the economic aspects of logistics models.

This analysis of logistics models assumes that the
reader knows that most of the models and modeling techniqgues
discussed require the use of computers to provide the anal-
yst with any concrete benefit. Nowhere in their entire
discussion of logistics models do they mention the need to
use computers to run most of the logistics models currently
in use.

Another issue that Drezner and Hillestad do not spend
very much time discussing is the use that many logistics
support models make of dollar costs in performing analysis.
Many of the newer logistics support models use impaortant
measures of merit other than cost. While these newer meas-
ures or merit (reliability., maintainability. and combat

capability) are extremely 1important 1n the supportability
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decision making process, the fact remains that, especially
in today's budgetary environment, many senior Air Force
managers are interested in relating reliability., maintain-
ability, combat readiness and mobility measures of merit
into bottom line cost figures. This 1s especially true in
the PRAM program office, where currently one of the most
important quantitative measures used 1in evaluating any
project 1is the useful life savings the project 1s expected
to accrue and comparing that to the 1nitial i1nvestment that
the PRAM office will have to make 1n developing the military
application of the technoiogy.

The PRAM Program Office calls this ratio of useful life
savings to investment costs the return on investment (ROI)
accrued by the project. Although this definition of ROI 1s
unconventional (traditionally ROI i1s defined as the monetary
return a business firm in the private sector receives 1n
return for 1its 1nitial dollar investment, expressed as an
annual percentage rate), 1t adequately expresses the 1dea of
logistics analysis performed 1n terms otf economic costs and
benefits.

PRAM's trade off analysis, comparing up front 1invest-
ment costs against projected savings 1in operational and
support costs over the useful life of a project, is not a
new 1dea. For over fifteen years the Air Force, as well as

the entire Department of Defense, has been concerned with
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performing trade off analyses of weapon system acquisition
costs of against their operational and support costs.

This concept is now commonly referred to as life cycle
cost analysis. Very broadly defined, it "refers to all
costs associated with the system and or product and applied
to the defined life cycle” (3:9). Within the Ailr Force, the
categories of life cycle costs include research and develop-
ment costs, investment costs, and operating and support
costs (31:11).

Many logistics support models have been developed in
recent years that attempt to perform various aspects of life
cycle cost analysis. In 1978, Marks, Massey, and Bradley
performed an in-depth evaluation of several of the more com-
monly used life cycle costs models in an effort to help ac-
qulsition managers contend with the uncertainty involved in
the newly emerging field of life cycle cost analysis (31:v).
While this report (referred to as the Rand report) primarily
focuses on how the various life cycle cost models are used
in the acquisition community at large, the observations,
conclusions, and recommendations of the Rand report are very
sallent to any serious review of logistics models.

The Rand report was important because it reported
findings concerning problems with both the life cycle costs
process and life cycle cost models. Unfortunately. it dis-

cussed data collection problems for these models only
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briefly, failing to address the consequences of collecting
poor data.

Although the Rand report was motivated by concerns of
how aircraft configuration changes and modification pro-
posals for systems were evaluated in light of development,
investment, and operational and support costs, 1t soon
turned 1nto a systematic evaluation of the entire life cycle
cost process in the Air Force acquisition community. In
their attempt to evaluate how well life cycle cost models
captured various elements of the life cycle analysis
process, the researchers discovered that the entire life
cycle cost process was not clearly defined within the Air
Force acquisition community. One of the primary results of
this finding was the recommendation to classi%y life cycle
costs into the research and development, investment, and
operating and support categories, along with various sub-
categories (31:6).

The Rand researchers evaluated six of the most commonly
used life cycle cost models in use at the time. Figure 2
describes each model evaluated. This figure briefly ex-
plains the classification of each model, its main purpose,
and the relevant strengths and weaknesses of each model as
highlighted i1n the Rand Report.

The Rand report was critical of all life cycle cost

models they evaluated. In their conclusion they stated:
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The principal message that emerges from our research 1s

that current LCC models contain many shortcomings that

limit their usefulness for life cycle analysis of major

modification proposals or other applications requiring

estimates of absolute incremental cost (31:40-41).
Additionally, they concluded the primary reason that the
models were flawed in many areas was because they either
poorly addressed causal relationships and cost driving
factors of many of the life cycle cost variables or failed
to address them all together.

How did they suggest the logistics support analyst
handle this dilemma? Their conclusion 1n light of the
previous finding was rather straightforward. They recom-
mended :

When the evaluations (of the six models) indicate that

a proposal's principal cost driving factors and cost

elements are addressed poorly (or not at all) the

models should be used cautiocusly, and any cost savings
predicted should be strongly supported by additional

analysis or empirical evidence (31:41).

One of the critical assumptions the Rand report seemed to
infer was that most life cycle cost studies needed to make
absolute incremental cost estimates (31:40). Often, as in
the case of the PRAM Program office, this assumption does
not hold. Unfortunately, while acknowledging that life
cycle cost studies may be undertaken with only an i1nterest
1n relevant or approximate cost estimates, the Rand re-

searchers do not address the issue of the appropriate use of

these models 1n making any rough LCC estimates.
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During the course of this study, the researchers dis-
covered that obtaining the appropriate input data for these
life cycle cost models proved to be a very daunting task
indeed, while optimistically stating, "with sufficient
effort and time, i1t should be possible to overcome the main
methodological problems and data deficiencies of life cycle
cost analvsis" (31:42). Eleven years later, however, the
problem of serious data deficiencies 1s still a very sig-
nificant problem in life cycle cost analysis. It is a
problem that has very broad implications for the use of life
cycle cost models as well as a host of other logistics
models. Unfortunately, this problem seems to be one that is
rather intractable.

Another issue that the Rand researchers did not concern
themselves with was the 1ssue of man/model 1nterface. Al-
though they criticized the models heavily for not capturing
the proper cost driving factors or cost element relation-
ships, they did not discuss the amount of training needed by
analysts to properly interface with each mecdel. The only
hint of this problem comes when they discuss the bulky
nature of the Logistics Composite (LCOM) model. and the
large number of inputs it requires (31:25).

One 1ssue that logistics modeling literature did not
address before the 1980s was the issue of model portability.

Additionally. the 1issue of using logistics models on various
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computer systems has received attention only 1in the most
recent literature.

These issues, as well as a host of others concerning
the use of logistics models on computer—-based systems,
sur faced as a direct result of the introduction of inexpen-
sive and powerful microcomputers during the early and mid-
1980s. Prior to this maior technologicai advancement, the
use of logistics models required interface with computer
systems groups, management information services personnel,
or other data processing departments (40:39). The develop-
ment of logistics models, prior to the introduction of the
microcomputers, was always a prolonged and expensive task,
requiring the efforts of many programmers and extensive
mainframe computer resources. As a result, computer-based
logistics support analysis was often a complex task and many
early attempts at using computers to perform this type of
analysis were eventually abandoned (44).

These early failures soured many logistics support
analysts on the use of models and computers for performing
any logistics support analysis. Genet's and Demmy's advice
to new logistics analysts concerning the use of computers
and logistical models 1s thought to be an example of this
earlier frustration. They warn the new analyst to be ex-
tremely cautious when using the computer tc¢ perform logis-

tics support analysis. They state:
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Be forewarned that (computer) programs take five times
as long to write as planned. Computer programs never
work right the first, second, third or forth time.
Computers always go down when you need them most
(20:39).
Additionally, in warning against the use of computerized
logistics models, these authors declare:

Be informed that canned simulation models always

require lots of 1input data that you will not be able to

get no matter how hard you try (so you will end up
guessing). Also be informed that canned models usually
contain hidden undocumented critical assumptions that
will leap out and grab you at the last moment, when

it's too late to recover (20:39).

These warnings against what Genet and Demmy call the
"twin diseases of computeritis and modelitis" are very
important. The improper use of computers and canned models
by novice analysts can lead to improper analysis and poor
decisions. However, 1mplied in these warnings was a sense
of frustration experienced by many logisticians concerning
the complexity of using these large models on the existing
computer mainframe technologies of the 1970s.

The introduction of inexpensive microcomputers with
very large and powerful memories overcame many technological
barriers that previously existed in logistics model develop-—
ment efforts. Additionally., along with the introduction of
this new microcomputer hardware, came a host of improvements
in application software. The end result has been a devel-

opment of an entire new generation of general and specific

computer software that allows the logistics support analyst
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and program manager to more readily take advantage of the
logistics support modeling environment.

The variety of microcomputer tools now available for
use by the logistics support analyst covers a very broad
spectrum from simple spreadsheets to more complex programs
which use cost estimating linear regressions and probability
distributions to represent historical data. These new tools
have given the analyst aver 1increasing flexibility in per-—
forming supportability analysis of complex weapon systems.
Additionally, these new software applications require little
Oor no computer expertise to operate. As a result many
logistics analysts, program manaders, and even senior Air
Force managers are beginning Lo use microccmputers to assist
them in tactical and strategic decision making. As micro-
computers become even more powerful and the sottware becomes
even easier to use., there is little doubt that this trend
will continue.

As a result of recent technological advances. a con-
tinuum of logistics support microcomputer models has devel-
oped within the last five years. As Figure 3 1llustrates,
the range and scope of models that exists aleng this con-
tinuum varies from tailored models designed by analysts
using existing commercial software products to composite
modeling efforts designed to more completely 1ntegrate
functional logistics areas with different functional

measures of merit.
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Green provides the reader with one example of a
tailored model through his use of a standard commercial
spreadsheet package to perform simple life cycle cost anal-
ysis (22:33). He took advantage of simple spreadsheet
modeling methods and several financial functions built in to
the spreadsheet. The result was a simple-to-use. customized
life cycle cost model which allowed the user to quickly com-
pare the life cycle costs of several alternatives and easily
change any factor i1n the model 1n order to perfcrm sen-
sitivity analysis. Additionally, 1t was designed tec capture
the net present value of the various alternatives examined.
allowing the decision maker to evaluate all projects 1n
light of currernt dollars (22:34).

Green assumes that most analysts will be familiar
enough with microcomputer applications so that learning how
to use a spreadsheet will not be difficult. He concludes by
s3tating '"'spreadsheet-based life-cycle analysis can yield a
valid result with a reasonable amount of i1nvestment otf time
and enerqgy" (22:36). This common microcomputer application

can become a useful tool for the loga
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£ti1cs support analyst
in only a matter of days, allowing the analyst to pertorm
not only accurate life-cycle cost analysis. but a host of
other logistics support studies that use complex mathemati -
cal formulas.

Many other taillored logistics models have been devel-

oped by a variety ot Ailr Force analysts. As microcomputer
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application software becomes more oriented to business and
government managers as their primary customers (as opposed
to computer science professionals), the traditional distinc-
tions between the managers as end users of models and man-
agers as model builders has often become blurred. End-user
model development allows the logistics support analyst to
bypass many developmental difficulties., in terms of time and
effort. that exist by using more traditional Air Force
methods of software development.

The Air Force 1s actively encouraging this user-devel-
oped software modeling effort in assisting decision makers
eftforts to solve a wide variety of logistics support prob-
lems. To further this effort, the recently established
Information Systems Technology Application Program (IS3TAP)
was developed to "advocate the use of commercial sotftware,
programming aids. and end-user development to facilitate
(A1r Force) software production” (46:22). The ISTAP hopes
to have over 50 percent of all new Air Force software user-
developed by the end of FY 1989 (46:22).

Not only has the microcomputer revolution produced a
wide range of user—developed models, 1t has been responsible
for a host of more sophisticated models which seek to im-
prove logistics support analysis in different functional
logistics support areas. Examples of microcomputer models
developed tor specific functional logistics support areas

are the recently developed Aircraft Availability Medel
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(AAM), a microcomputer version of a supply spares provi-
sioning model and the Automated Air Load Planning System
(AALPS), a microcomputer version of a transportation expert
system designed to assist military transporters in cal-
culating cargo load requirements for air transport (25:2-1).

In addition to the functional logistics models, one
finds logistics models designed to capture a single measure
of merit over a wide variety of functiconal logistics areas.
While many of these models are more complex than those
designed to measure a single functional! logistics area. as
Figure 3 1llustrates, there are no distinct boundaries
separating these two categories. Among some of the most
widely used models 1n this measure of merit category are a
number of models which are designed to capture weapon system
and subsystem life cycle costs.

In the life cycle cost arena. two relatively new micro-
computer-based life cycle cost models which are representa -
tive of this type of model are the 5Statistically Improved
Life Cycle Cost (SILCC) model and the Cost Analysis and
Strategy and Assessment (CASA) model. Although both are
microcomputer based. they vary widely in scope.

The SILCC was designed primarily to provide Air Force
logistics support analysts and program managers with the
abi1lity to pertform life cycle cost trade off analysis down
to the subsystem and component level (46:2). It was

dezigned to calculate a wide range of life cycle costs,
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primarily focusing on operational and support costs, but
evaluating all life cycle costs. It requires only 36 data
inputs for each alternative being evaluated, and provides
the user with 19 outputs for each alternative. These output
categories are divided into four categories; numbers of
spares required, number of maintenance hours required,
expenditures, and total life cycle costs (37:26,30).

CASA, on the other hand, 1s a more complex life cycle
cost model designed to be used by a wide range of program
managers and logistical analysts throughout the Department
of Defense (25:30). The CASA model:

provides automated support for LCC estimates. trade-off

analysis, repalr level analyses, production rate and

quantity analysis, warranty analyses., spares 1dentifi-
cation, resource projections{maintenance planning).
risk and uncertainty analysis, cost driver sensitivity
analysis, reliability growth analysis, evaluation of
engineering change proposals, operational availabiliity
analysis, spares optimization, and design to life cycle

cost studies (25:30).

This model has six major modules and was designed to run on
an IBM-compatible microcomputer. The development and use of
this complex LCC cost model on a standard microcomputer
would not have been possible less than a decade ago.

The most recent advancement of logistics support model
technology 1s composite modeling. Composite modeling ceeks
to combine two or more logistics support models into a
single, integrated model in an effort to capture causal

relationships between several different mesasures of merit.

Within the military, composite modeling alsc attempts to
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bridge the current gap between peacetime efficiency models
and those models that attempt to assess the wartime logis-
tics support capabilities.

Two models which are representative of recent composite
modeling efforts are the System Cost Operational Performance
for Modification {(SCOPE-MOD)} model and the Logistics Assess—
ment Methodology Program/Logistics Assessment Work Station
{LAMP/LAWS). Beth of these mcdels are integrated composites
of cther complete models. Both models were also designed to
integrate all five of the Air Force's R&M 2000 goals 1into a
single model to allow an Air Force program manager to per-—
form trade off analysis between warfighting capability,
survivabpility, mobility, manpower, and life cycle costs
({39:1-1,;45:45) .

SCOPE-MOD was designed to provide logistics support
analysts with a comparative model that evaluates how "pro-
posed R&M modifications will enhance R&M 2000 goals" (39:1-
2). It 1s the combination of two distinct models. DYNAMOD
and MICROSTRAT.

DYNAMOD, a "logistical pipeline model", wag designed
usi1ng the same methodology developed for the popular DYNA-
METRIC spares provisioning model produced by the Rand Cor-
poration (39:B-2). Designed to determine warfighting im-
provements of proposed R&M alternatives at the squadron
level, 1t uses R&M data, spares data. and typical wartime

flying scenarios to predict 30-day aircratt availability and
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sortie rates at the squadron level for a variety of weapon
systems (39:2-4).

The second model integrated into SCOPE-MOD, MICROSTRAT,
computes weapon system life cycle costs. The model computes
both investment and annual operating costs for a two dif-
ferent sets of components; the baseline set and the modified
set. The resulting ocutput compares both the annual and
cumulative life cycle costs of the weapoir system baseline
component set to tne same weapon system with the modified
component set (39:D-2).

Like SCOPE-MOD, LAMP/LAWS 1s a composite modeling
effort that integrates several models 1n an effort to pro-
vide a complete REM 2000 goals assessment. Unlike SCOPE-~
MOD., however, LAMP/LAWS integrates six previously accepted
DOD logistics support models in 1ts effort to capture all of
the R&M measures of merit (24). Figure 4 lists and brierfly
describes the six models used for calculating LAMP/LAWS
outputs.

Since the introduction of practical microcomputer tech-
nology, the pace of both hardware and software developments
has been astounding. Both hardware and software technology
are often obsolete within a year after they are 1introduced.
Microcomputer technology is 1n a continual state of flux,
with new hardware and software products being developed

almost weekly.
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This state of rapidly changing microcomputer technology
has been probably one of the key factors in the substantial
growth of composite logistics models. While still a very
complex process, the time needed to integrate complete
logistics models into a single composite package has de-
creased exponentially. During a recent logistics support
conference, one model developer recently pcinted out that
his company's first effort at composite modeling tock about
ten months. Less than two years later. the time this same
company needed to develop a composite modeling package was
less than three months (26).

While this rapid growth in modeling capability is
touted by the model developers as a great boon for analysts
and decision makers alike, 1t also has some very distinct
disadvantages. Probably one of the biggest drawbacks is the
large delay created between model development and indepen-
dent model validation.

As with any analytical tool designed to aid decision
making., microcomputer logistics support models will not gain
widespread acceptance from those responsible for performing
supportability -==1v~35 ynless threv can be used with some
known degree of confidence. Ideally, model developers con-
front this confidence 1ssue through verification and valida-
tion (38:33). Verification is the process of ensuring the
software operates properly and 1ts implementation of the

model 1s conceptually correct. While this process may be

46




complex and time consuming, 1t 1s the rather straightforward
task of ensuring that the computer programming faithfully
reproduces the algorithms and procedures of the model
(38:33). This task pales, by comparison, to the more
difficult job of model validat:ion.

Model wvalidation is the process of making sure that the
"working' computer model captures the real system adequately
enough for use 1n problem solving (5:5-5). While there are
many different ways to validate model. Hallam, et al.,
define five general steps of proper model validation. They
1nclude:

1. Establishing goals and assumptions of (the) model in
writing.

2. Test (the) raticonality of the assumptions.

3. Test (the) statistical validity of crucial
assumptions.

4. Compare model output to historical output.

5. Test validity of predictions (23:83).

Hallam goes on to make an extremely 1important point
about models. While specifically addressing simulation
models, the comments made 1in this article apply to micro-
computer-based models as well. In making an analogv between
simulation models and toys, Hallam asserts:

A model without wvalidity may ... bear some resemblance

to 1ts real counterpart. but 1t too 1s useless except

perhaps to delight or entertain. Without proper valid-
ation, the computer model 1s merely a toy" (23:83).




If the model is merely useless, there would be little
cause for alarm. However. when an invalid model is assume.
to be valid by the decision maker, they can become dan-
gerous. Again, Hallam contends:

Computerized.. .models are particularly dangerous be-

cause, for many persons, output from the computer 1s

dutomatically considered accurate. The danger arises
when the decision-maker assumes the toy is valid and

bases decisions accordingly (23:83).

The bottom line on model validation is gaining the con-
fidence of the user community that the model can reasonably
accomplish 1ts 1ntended tasks over a wide range of analysis.

Because of the difficulty inherent in validation. only
A few microcomputer models have reached the broadest level
of acceptance within the use community. While many micro-
computer models have their own 1ndividual champions. many
analysts are skeptical of the validity of many of these
newly developed microcomputer models.

Contributing to this skepticism 1s a general lack of
formal studies that thoroughly document the overall
strengths and weaknesses of these models. Additionally,
tewer still actually discuss the mathematical or statistical
validity of microcomputer models. Most of the documents
this thesis author was able to uncover concerning computer
validity were manuals or guides published by the contractors
responsible for developing the models. These reports concen-

trated more on discussing the virtues of the model and their

specific mathematical and/or linear redgression tormu. .5 than
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specific validity 1ssues. While these contractor manuals
may indeed help to validate the model, the user community
will more readily accept a model that has been independently
validated. Unfortunately, independent formal! case studies
on specific microcomputer models are difficult to uncover.

Tovrea accomplished one such study on LAMP/LAWS. The
purpose of his research was to demonstrate the validity of
LAMP/LAWS as an assessment tool for the potential modifi-
cation of a specific subsystem on the F-15 aircraft
(45:2~3). After gathering a considerable amount of sup-
portability data on two different versions of the AN/ALQ-135
Internal Countermeasures Set, Tovrea first used LAWS to
perform direct pertormance comparisons of the original
configuration of the AN/ALQ-135 with the p.roposed modifica-
tion, across the five R&M measures of merit. He then per-
formed extensive amounts of sensitivity analysis to ascer-
tain what changes LAMP/LAWS predicted. For example. if he
made reductions to the amount of aircraft available because
to wartime attrition, he wanted to see how LAMP/LAWS would
predict a reduction of combat capability as well as a reduc-
tion in the number of spares required (45:131).

Tovrea was able to use LAMP/LAWS to make a wide variety
of supportability assessments about the original configura-
tion of the AN/ALQ-135 versus the proposed modification.
Based on the output from the LAMP/LAWS model, he concluded

that the proposed modification offered large supportability
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improvements over the existing configuration in every R&M
2000 goal except life cycle cost (45:154). Additiocnally. he
was able to conclude, based on LAMP/LAWS outputs, how
changes in maintenance policy, levels of support equipment,
repalr cycle time, and mean time between failure of the two
different alternatives would affect all five R&M 2000 goals.

While Tovrea was able to use LAMP/LAWS to perform a
very comprehensive supportability assessment of two alter-
native subsystems of the F-15 aircraft. he also concluded
that, for 1its stated purpose of supportability assessment,
the model was 1ncomplete as he had used it. While he noted
the model which he used was a prototype, there were still
software ''glitches" that constrained the analysis process
{45:149). Of particular importance was his note that "some
of the input variables were 1nexplicably 'unsensitizable’
due to unexpected dead ends in the 'What-if' options”
(45:149). This prevented him from performing a number of
sensitivity analyses. which may or may not have affected the
final overall analysis. He also noted that some variables
in LAMP/LAWS were either defined vaguely or 1incorrectly
(45:149} .

Another 1ssue pointed out by Tovrea was the tremendous
effort needed to accumulate enough data to properly run
LAMP/LAWS. While he noted that a positive benefit of the
data collection effort was a better unde:standing of the

“assumptions and real-world factors underlying the data'.
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one might Jjust as well argue that 1f the true purpose was to
make LAMP/LAWs a truly effective tool 1in aiding the decision
making process., the model developers should have spent more
time and effort making the data collection process less
painful (45:57). The model developer did i1ndeed take note
of this data collection issue, and developed a data pre-
processor for LAMP/LAWS in order to greatly simplify the
data collection effort.

Minnick accomplished another model validation study
which pertorms model validation by comparing the output of
two simllar microcomputer-based life cycle cost models using
the same input data (33:331). He compared the resuites of
the Cost Analysis and Strategy Assessment (CASA) model with
a version of the Logistics Support Cost Model (LSC) that has
been adapted to capture all relevant life cycle costs
(33:331) .

Minnick constructed hypothetical data sets tor a
generic infrared detecting system that was supposed to have
a useful system life of 20 years. When he ran both models
using the same 1nput data set at the beginning ¢t the study.
Minnick noted that the difference 1n bottom line LCC costs
between CASA and L3C was over $67 million dellars (a 23.1
percent difference in total LCC) (33:334). Even atter
making changes to the i1nput data 1n an effort to achieve

data parity between the two models. the end results were
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st1ll over $37.5 million dollars apart (a 12.4 percent
difference in total LCC) (33:334).

Not only did the models differ with respect to botiom
line life cycle cousts, they offered differing levels of sen-
sitivity analysis. For example, in CASA, if the mean time
between faillurc (MTBF) was decreased by 10 percent, the
effect on LCC was a 7.8 percent increase. By contrast, the
same 10 decrease in MIBF in LSC caused more than a 10 per-
cent 1ncrease 1n reported LCC (33:334).

Minnick noted that the key reason for the variations
between these two models was due to the differing assump-
tions made about aircraft flying hours. CASA used a '"phase-

in" approach to aircraft hours at the system level; it
assumed that not all of the aircraft wculd be available for
operational use at the beginning of the life cycle. LSC. on
the other hand, assumed that all air.raft were available
from the beginning of the weapon system life cycle. It did

not assume any build up of activity over a period of time.

The difference between these two assumptions was over
142.000 operating hours over a twenty vear period; CASA
having amassed 3.600,000 operating hours versus 3,457,500
operating hours for LS5SC (a 4 percent ditfterence) (33:339).

Other differing assumptions caused similar disparities
for a host of other operational and support (0&3) cate-

gories. These differing assumptions caused over a 24 per-

cent wvariance between equipment maintenance costs, a 12

h
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percent variance between condemnation spares costs, a 9
percent wvariance between pipeline spare costs, as well as
similar variances 1n a wide range of other 0O&3 cests
{33:335).

Although Minnick points out O&5 costs differences 1in
various categories, except for citing the reason for the
differences 1n operating hours, he does not clearly indicate
why he thinks the cost numbers were so different. Addition-
ally, after spending the bulk of his article addressing the
output differences between the two models, he ends by
arguing that "both models produce reasonable results”
(33:336). However, he does not explain what he means by
this statement, except to say "both models have applications
in training., conceptual work, and full-scale development
phases for equipment that functions in an operating envivaori-
ment" . One can only assume that Minnick 13 suggesting that
for preliminary LCC cost estimates both models are adequate.
Additionally, Minnick clouds the model validation 13sue by

tating that CASA was more robust than LSO, without explain-

1ing his raticnale tor this statement.

The Supportabilaty Investment Decivion Analveilis Center

(GIDAC) : Making Sense of Microcomputer Logistics Support

Mcodels

While the 1usue of validity 1 tundamental t¢ mode]

152, with the recent 2xplosion 1n the amount ot micro-
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computer—-based logistics support models available. even a
more basic concern for many logistics analysts and decision
makers has been simply how to obtain enough information on
ex1isting models to make rational decisions concerning their
applicabiiity and use. Many analysts within the Air Force
supportability community simply do not know where to start
looking for infcrmation concerning quality supportability
analysis methodology., data or models needed to perform more
complete analyses.

Supportability managers and analysts throughout the Air
Force have been seriously concerned about these deficiencies
in supportability assessment. Because of these cancerns,
the Alr Staff, along with many separate agencies within AFLC
and AFSC. have recently undertaken many separate eofforts to
improve the quality of supportability analysis and decision
making (§:1}).

During the 1988 AFLC Logistics Operations Center ' s
(LOC) R&M Modeling Conference, many of these efforts were
examined and evaluated. One "overwhelming recommendation”
emerging trom this confere .ce was an initiative to study the
tfeasibility of establishing a joint AFLC/AFSC supportabiiity
analysis center (9:2). Through the development of the
Supportability Investment Decision Analysis Center (SIDAC).
both AFLC and AF3C hope to "improve and apply analysis
methods, models, and techniques., and enabling services tfaor

every aspect of weapon sSystem supportability™ (9:1) .




Although this center 1s only in the Concept Exploration
stage, 1f the concept proves feasible, the SIDAC eventually
will provide a wide variety ot services to supportability
analysts.

Proposing to function along the lines of traditional
DOD Information Analysis Centers, SIDAC objectives include:

1. facilitating the exchange of information between
AFLC and AFSC communities,

2. promoting awareness and use of effectiv
methods and techniques,

¢}
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3. eliminating technical barriers which limit the
effectiveness of modeling and qualitative analysis
techniques.

4. 1dentifying and providing gquality data and 1nforma-
tion (8:1).

The proposed SIDAC would facilitate these objectives by
providing the Air Force supportability community with a var-
iety of 'value-added' technical services that wculd aszist a
wide range ot Air Force analysts and managers in their
supportakility investment decision making efforts. These
services would 1nclude providing assistance with analvsas
methods: 1dentifying. cataloging., evaluating., and providing
technical support for a wide variety of logistics support
models: providing SIDAC customers with methods toe i1mprove
logistics support data collection efforts: providing the
supportability community with a host ot 'corporate’ com-
munication services: establishing a technical repasitory tor

supportability "madels, methods, and data access




techniques”; and finally. undertake special studies and
tasks requested by members of the user community (9:2-3).
The SIDAC concept i1s timely; establishing a central
clearing house for the complex maze of existing logistics
support analysis methodologies and models would signifi-
cantly reduce the amount of time spent by analysts 1n
searching for appropriate methods and models needed for
conducting logistics supportability analyses. Additionally.
as many logistics support analysts and managers do not have
an extensive background in operations research or other
sophisticated analysis technigues, the successful implemen-
tation of the SIDAC would greatly enhance the credibility ot
the entire supportability decision making process. A SIDAC
program manager echoed this point recently by saying. "One
of the long term goals of the SIDAC should be to provide the
same credibility to logistics methodologies and models that

currently exists in the operational community” (41).
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III. Methodology

Introduction

This chapter provides the strategies and techniques
used to answer the research question proposed in Chapter 1.
This includes:

1. the phases of the research process:

2. the method of PRAM proposal selection;

3. the means of determining the level of management
analysis and amount of data required for adequate analysis
of each proposal;

4. the method of matching analysis requirements with
appropriate logistics supp vt models, and finally:

5. how logistics support models were used for data

analysis.

Phases of the Research Process

This research began witn an literature review which
investigated technology insertion. the PRAM Program otfice
and 1ts process. reviewed literature discussing research
conducted using microcomputer—-based logistics support
models, and detailed recent AFLC/AFSC efforts to assist the
logistics support community by exploring the teasibility or
SIDAC. Based upon a review of current literature. a pilot
study was developed to examine the application of a tailor=d
methodalogy for using microcomputer-based logistics support

models. Az such a large portion of the research methodology
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was exploratory in nature. The population of concern in
this study was narrowly defined to recently active PRAM
Program Office projects. Three projects were chosen for
analysis during the prolect selection phase of the study.
The projects were chosen on the basis ot the management
decision required, and how well the project represented the
range of typical PRAM projects. More will be said about
this topic later.

After project selection. exploratory analysis was con-
ducted to determine the nature of the management decicsion
required for each project. During this phase a preliminary
assessment was also made to determine the amount of data
available for an analysis of each project.

The next phase of the research involved an initial
survey of logistics support models to determine what models
had the capabilities to accomplish the analyses reguired by
each project.

After this i1nit:ial model survey was conducted. addi-
tional data was gathered on each prOJéct. This step was
necessary | Tause the existing data on all projects was
1insutficient to drive even the most basic model considered
for use. The models under consideration for use were all
examined for common data elements needed. after which a data
sheet was formulated to gather most of the addit:onal data

required to drive the models (See Appendix Al




The final model selection process occurred only after
this extensive data gathering effort was completed for each
project. It was during this phase that each project was
matched with a microcomputer-based computer logistics sup-
port model for quantitative analysis consistent with the
level of management decision required.

The final phase of the research included the quantita-
tive analysis of each selected PRAM project proposal and the
report of the findings. This included a report of the
guantitative improvements (or decreases) in the measures of
merits reported, how the quantitative analysis of each
proposal affected overall analysis, any limitations of the

models used, and finally conclusions and recommendations for

u

follow on research.

PRAM Proposal Selection

The projects chosen for research were selected by tha
PRAM Program Manager/Division Chief. Lt Col Charles
Ferguson, and the deputy PRAM Program Manager/Division
Chief, Mr. John Tirpack. Lt Col Ferguson and Mr. Tirpack
selected these prajects based on gqualitative criteria. The
criteria used to select each praoposal were:

1. How well the type ol project repre~ented the range

ot typical PRAM projects.




2. The degree of gualitative uncertainty generated by
each proposal.

3. The overall cost of each project.

The decision criteria 1s highly qualitative and may be
subject to the bias of the PRAM Program Director and Deputy
Director. However, both men had the highest level of broad-
based PRAM project management. and were the best qualified
personnel within the PRAM Program Office to perform prolect

selection.

Determining the Level of Analvysis Required

The level of analysis required was a function of twao
elements. First the supportabillity assessment decision
desired for each project was determined through an ana.ysis
of each PRAM project plan and 1nterviews with each PRAM
project manager. Additionally. senior PRAM managers were
interviewed to further determine the exact nature of the
supportability assessment information desired tor final
project approval.

After the nature of the logistics support decision re
gquired by management was ascertained. each project was re-
viewed to determine the amount and exact nature of data
available to perform a quantitative aralysis on each
project. Information regarding data availability was
Jathered through a review of each proiect proposal.,

exploratory interviews with PRAM project managers. and




exploratory interviews with other AFLC/AFSC logistic

0

ys;
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Initial Microcomputer-based Logistics Model Survey

After the exact nature of the supportability decision
and amount of quantitative data available were determined
for each proposal. a matrix was used to place each projecc
1into one ot three categories of analysis. The three
categories represented a continuum of quantitative analysis.
progressing from preliminary analysis to very detailed
analysis. with proposals that needed a moderate amount ot
analysis being placed in the second category.

Once each project was classified, an in-depth zearch
was made to select several microcomputer-based iogistics
support models that might be appropriate for use with the
various proposals. These models were 1dentified by a var-
1ety of means. The model catalog under development by the
SIDAC concept exploration team wa. the maln source of can-
didate model 1dentification. Atter potential models were
tdentitfied, the various offices of primary responsibility

were contacted 1n order to cobtain the appropriate sottware

"t

and documentation. Finally. once the models were abtained.
thei1r analytical capabilities were accertailned and thelr

data 1nputs were examined.
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Additional Data Collection Efforts

After an examination of the data inputs reguired for
all candidate logistics support models, 1t became quite
evident that a considerable amount of additional data had to
be gathered to drive any of the models being considered.
After examining the data 1nput requirements of all candidate
models, a standard data collection form was devised in order
to facilitate these additional data collection efforts. &R
draft copy of the SIDAC data catalog was then consulted to
locate Ailr Force data systems that contained these reguired
data elements. Various data experts at the PRAM coffice and
the Air Force Institute of Technology (AFIT) were also

consulted during the additional data collection effort.

Final Model Selection

Only after these data element forms were completed. and
several standard cost elements were gathered., did final
model selection occur. Criteria for final model selection
were as follows:

1. depth/breath of analysis required:

2. compatibility of data with model.

3. validity of model:

4. sensitivity analysis capability. and.

5. overall ease of use.

Each project was evaluated using only one model. The

final model =zelection decision was made by the researcher
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after consultation with modeling experts from AFLC. AFSC and
the SIDAC concept exploration team at AFLC/LOC and Dynamics

Research Corporation.

PRAM Project Proposal Analysis Using Selected Models

Once all the initial data had been analyzed and a model
selected for each proposal, the models were used for per—
forming the guantitative analysis of each proposal. The
results of the gquantitative analysis are reported in the
findings section. These findings 1include results of 1nitial

computer analysis, comments on the ease of pertforming sen-

}

si1tivity analyses. and the limitations on tie use ot these

L

computerized guantitative techniques.
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IV, Analysis and Findings

Project Selection

Senior PRAM management selected the following three
projects for use 1n this study:

1. The F-15C/D Main Landing Gear Wheel Improvement
project.

2. The C-141A/B Variable Speed Constant Frequency
Electrical Generating System prolject.

3. The improved power supply project for the
AN/ALR-46/69 Signal Processor.
All projects had been evaluated by the FRAM staff 'n an ini-
tial PRAM Proaect Plan. Included in each of these plans was
a specitfic recommendation by various members of the PRAM
statf for approval or disapproval of each project. For
reasons explained below. PRAM management was interested 1in
how gquantitative analysis using microcomputer logistics
support models would collaborate or refute the statff recaom

mendations.

Description of Selected Projects

F-15C/D Main Landing Gear Wheel Improvement.

Althcugh Jhe current aluminum alloy wheel (referred to
hereatter as the 2014 wheel) on the F-15C/D main landing
gear performs adequately and the wheel lasts about 11U yealr s,
this project was the result of an unsolicited proposal

submitted to the PRAM ~tfice 1n December 1928, by the Bendi::
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Brake division of Allied Signal Corporation. This proposal
suggested that by purchasing a superior aluminum alloy wheel
made by Allied Signal in future procurement, the Air Force
would realize substantial operational and support cost
savings through reductions in depot overhauls of the wheels
(13:1).

What allegedly makes the Allied Signal wheel superior
to the existing wheel 15 the use of a rapid solidification
technology (R3ST) process along with powder metal technology.
According to the proposal submitted by Allied Signal. the
RST wheel wi1ll have nine times the corrosion resistance,
three times the high temperature strength. and last 50
percent longer than the existing wheel (13:1:.

PRAM management selected the improved F-15C/0 aircratds
wheel project for inclusion in the study Lbecause thev relt
1t was represertative of a typical FRAM project. Additian-
ally. PRAM management expressed an i1nterest 1n more accuy -
ately quantifying any economic cost savings generated by
this project. Another consideration was the large expendil-
ture of PRAM project develcpment coztz tor this prolect
(over $8C0.000 dollars) (17).

C-141A/B Variable Speed Constant Frequency (VISOF:

System. This project resulted from an 1nitiative undertalen
py Military Awritaft Command' s Office of Logistics keliabild
1ty and Maintainability (MAC/LGR)Y in 1987. They wore 1nter-

ested 1n evaluating th= feasibility of replacing the man
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power 1ntensive cor<stant speed drive electrical generating
system on the Cl4iA/B with a variable speed. constant fre-
quency system {(12:1).

Although this particular Candidate Project had been
recently disapproved for further continuaticn as a active
PRAM project, PRAM management was inter=ssted in determining
1f and how quantitative analysis, using microcomputer logis-
tics modeling. would support the findings of the PRAM starft.
Another factor which drove the selection of this project far

the study was the high degree of controversy surroundiag the

use of the constant speed drive electrical generating systsm
versus the variable speed constant frequency system. An
additional reason for inclusion of this project in the study
was the high PRAM development costs as well as Air Force
C-141 fleet i1mplementation costs. The cost of the FRAM
development project was to be $4 million dellars., with the
implementation costs to the Air Force of at least $107
million dollars.

AN/ALR-46/69 Signal Processor Power Supply

Improvement. The AN/ALR-46/69 Radar Warning Receiver (LW

15 used by many weapon systems throughout the Air Force as
an 1ntricate part <¢¢ their overall electromagnetic counter -
measures (ECM) system. Within the RWR, the signal processoy

unit plays a3 critical role 1n detecting hostile radar

w
2
<

nals. It 13 crucial, therefosre, for the 31gnal processor to

work corvectly whep reguired.
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However, many problems exist with the current

L

Processor Power Suprly. The existing power supply

fe}

[

es13n

has 1nefficiencies which contribute to ocverheating problems.

bt

Additionally, demands on the existing power sunply

escalate to a point that the electrical output of the

supply becomes uncatistactory. Az 3 regult, the Systems

i

1

Doy

Engineering Branch at Warner-RobLins Alr Logistics Centev

propozed to improve the AN/ALE 46/09 Signal Processor Dower
Supply thraough redesign (10:2, 2

Senlor PRAM management sSaw thiz as 2n 1deal proeact o
include 1n this study. Since the praiect was a propo=sal for
a form, fit, and function i1mprovement of a componant (Crass
several different weapon systems, each with 113 unigie
characteristics,. they felt that any analysis of economlc
costzs and bernefits wouia prove difficult Seninr FRAM
management was, fheretore, wvery 1nterecsted 1n haw suppoir!
abriity analyszis using a microcomputer based logizoaos
sunport model would meet thio challenge.  Additionally
Ay the course ot thais otady . the prasect devel armernt
st deabk bl PLAM management o ompresasd y ey 1o
crtan e ly sxamine hiow Shoce hilgresr development oot weon
R RO Ty Ve - 1 \
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analysis that each project required. This was accompl:
in three steps. First both senior FPRAM management and each
project manager were interviewed 1n an eftort to determine
the eract nature of the supportability decision desired for

cach project. Next. ecach PRAM Project Flan was carerully

)

o

D

examined. with all appropriate quantitative data extract

y
PR

tcr later use. Finally., the PRAM manager of each pr=ject

(&}

was 1interviewad to fi1ll 1n as many 'gaps' 1n the data =
possible.

F-15C/D Improved Wheel. The decisicn orientat:on for

the F-1% "D improved wheel was direcrted toward li1fte cycis

ct

costs (LCCy. This was based an the fact that the initial
unit cost of the proposed wheel was over $10006 dollars

higher than the unit cost of the 13tIng wWheel. OCince the

[§7]

existing wheel provided adequate reliability, 1n aorder ror
this project to be consildered a success, any anailys:is nheaeded
to o demonstrate reductions in operating and support cogts

wroer the usetul life aof the F-15C/D aircrartt (475 .

-t

The PRAM Project Plan revealed conly a very br.-
econcmnlc anaslysis.  As outlined in Tab

improved Wheel Froject flan disclosed all the maior el-oment s

st PRAM developms nt costs. and anly ten data etlements ror
each alternative’'s operational and support costs, Furtner

analysis showed tirat almost all of the data lizted 1n the

cyaoest plan came oxcluzively Srom the contractor procie g




Table 1|

Original Data Available for
F-15C/D Imprcved Wheel

A. PRAM Program Cost

Activaty tost

Wheel Material 549,700

Forging Procegsing $131.6006

Wheel Machining 350, 60U

Material Characterization Fo8,200

Brake Material $57.500

Data Analysis 587,500

Total PRAM Project Cost (846,500

B. Comparison of =0 Year ULS* - 2014 vs RBST Alloy
2014 R5T SAVINGS

Wheel Cost per Un:it $600C 7800 BUSRETIIOY

Wheel Life, Years 1z 18

Wheel Coszt per Year $ S00 F 433

Overhaul Cozt per Wheel $1500 31000

Overhaul Cycle 1n Years z 4

Overhaul Cost per Year 5 750 5 250

Total Wheel Cost per Year $1.290 5 632 RS

Annualized Cost of Fleet $1175000 P6d2333 RS 325687

-

20 Year Cost of Fleet F22500000 F12846007 510ed 1524
Savings 'er Year 55 lne”
Feturn <on Investment over J0 vearys P2

*Useful Life Savings
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C-141A/B Variable Speed Cons

ant Freguency (VSCE)

System. The decision orientation tor the V3CF project had

two dimensions. The major variables to be evaiuated n this
project were relilability and lite cycle costs. Specitical-

ly, PRAM management wished to determ:ine 1f the proposed
improvements 1n reliability and reduction 1n cperating and
support costs of the VSCF system would outweigh the large
prolect development and life cycle costs.

The C-141A/B VI3CF System Project Plan
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large amount ¢f data had previously been callected

study. Data cutlined i1n this plan came ftrom severai dit-

terent sources; from contractors, various Air Logistics
Centers, Military Airlift Command., and numerous AFLC ard ACD

agencies located on Wright Pattercon Air Force Dase (1010
Additionally, an extensive amount of data was obtained from
the Reliability and Maintainability Data Analysis System

(RAMDAG) as well as supply system and depol ovevhanl reports

143}
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—
—
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L
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1n A subsequent analys:is (36:1). Table 2 ii1st:
avallable tor the C-141A/8B ViCF project.
ANJALIC 46/69 Dignal Processor [ower Supply
The deciszion orrentation taor the power supply analyais
conzisted ot three dimensions. The maior variabie S RATH
this project were rellability, maintainability, and (aite

cyecle costs. Specirtically, PRAM management sought to deter

mine exactly how proposed 1mprovements in reliability and

S0




Table 2
Original Data Available tor C-141 V3CEF CTystem

A. PRAM Project Cost
Total Project Cost 54,000,000

B. ITmplementation Cost

VSCEF Contractor Non-recurring 3,000, 040
VoCF Contractor Recurring 3107, 205.205
Airframe Non-recurring $1.600.000
Airframe Recurring Plo. 200,000
Total Implementation Cost 5132.065,592
C. Compariscn of C3D wversus VSCE cosths

CsDh VECF Savings
Annual Depot Repair $2.755.424 § 300,000
25 Year Depot Repair $68,885.600 3$7.500.00U0 $ol,339.600

Annual Base Repair 3 391,680 61,000

ot

25 Year Base Repair $ 9,792,000 $1.600,000 § &, 192,007
Total Useful Life Savings 509,977,500
Return on Investment 0.51

D. Other Relevant Information

Amount
Number of C-141A/B Aircraft 271
Number of CSDs Installed 1084
Number of Spare CSDs 9’23
C5D Unit Cost $00,133.76
VEZCF Unit Cost (Estimated) 374.500.00
S0 Unit Repair Cost F3.702. 30
VSCF Unit Repair Cost (Estimated) F3.000., U0
C5D Mean Time Between Faillure 1.595 hrg
V5CEF Mean Time Between Failure (Est) 4.000 hrs
Annual CSD Depot Repairs 6l2
Annual Generator Repailrs 3le
Geneiator Unit Repair Cost 51,5950.00
Annual VZCF Depot Repairs (Est) LOO




Table 3

Original Data Available on
AN/ALR-46/69 Signal Processor Power Supply

A. PRAM Project Cost

Cost
Redesign Power Supply $60.000
Fabricating and Demonstrating $120.000
Cperaticnal Testing and Evaluati~n/0OT&E) $ 40.0G0C
OT&E Leveli Three Drawing $ 80,000
Total PRAM Project Cost $300, 000
B. Implementation Cost

None
C. Cost Comparison and Other Relevant Data
Current Proposed Savings

Mean Time Between
Failure (MTBF) 1950 hrs 10.000 hrs
Fower Supply Unit Cost $4.160 $3,000
Required Spares* 446 87 31.4273.44¢C
Yearly Depot Repair Cost $578 370
Yearly Depot Repairs $5.2 10.8(est)
10 year Repair Cost 3 324.024 $7.560 $ 3lo.4d64
Depot Repair Manhours
per Unit 11 hrs 1.3 hrs
Fstimated 10 Year
Manhour Repair Costs** 3§ 281,255 $6.,503 & 274,751

Total Useful Life Savings
Return on Investment

32.084.655
6.95

* Estimate of Total Spares Required over 10 year period
** Calculated by multiplying number of repaire requived
over ten year period by depot manhours required per
repalr and cost per depot manhour (DMH). DMH cost

used was 46032

maintainability of the redesigned Signal Frocessar Power

Supply wouid reduce 1tz operations and support costs.

A moderate amount of data existed for an economic

l1sts the

)
L)

analy=zi1s of the power supply. Tabl cri1oinal

data avairlable from the PRAM Proiject Flan.
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Categories of Analvsis

Based on the decision orientation(s) of each nroject
and the amount of data available for analysis, each prolect
was classified into a distinct analysis category. These
analysie categories represented a continuum of complexity.,
ranging from relatively uncomplicated analysis to studies
which necessitated a high degree of analysis Lo accurately
capture all essential elements required to make an intfovmed
decision. The projects were placed into these distinct

categories of analysis in order to facilitate the search 1oy

the appreopriate logistical support model. Table 4 retflecth:z
the category of analvsis reguired far each project.
Table 4
Categories of Analysis ror PRAM projecrtes
Analysis Cateqgory
Relatively Moderately More
Simple Complex Comple:

PRAM Prciject
F-15C/D Improved X
Aircratt Wheel

A/b VoCF X

AN/ALR-46/69 X
S1gnal Processor
Power Supply




Rational. The F-13C/D Improved Aircraft Wheel
project was placed i1nto the relatively simple categaory
because of the one dimensional nature of the decision orien-
tation. as well as the limited amount of data available to
perform the analysis. The decision orientation of the
prolect was aimed solely at life cycle costs and only about
30 data elements were 1nitially available for analysizc.

The C-141 V5CF System analysis was placed intc the
moderately compiex category because of the two dimensicnal
nature of the decision orientaticn. FRAM management was
interested 1n determining exactly how reliability improve-
ments atfected life cycle costs. Additionally. a fairly
large amount of data was available for conducting the anal-
¥sS1is.

It was hard to determine exactly where the AN/ALR- 1675
51gnal Processor Power Supply project fit on the continuum
of required analysis. While the three dimensions ot reliab-
111ty. maintainability. and life cycle costs tended ts shirft
the regquired analysis all the way to the right., the i1ncom-
plete nature of the 1niti1al data lizted 1n the PRAM Pro:ojes:

Plan made any complex analysis of this project difficult.

Initial Model Survey

After 1denti1fying the decision orientation(s) and the
amcunt of data available {or each projlact. an intormal

survey ot supportabillity models was made 1n an effort o
b

—
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determine which models could possibly be used for project

analysis. The initial starting point for the survey was the

1

SIDAC model catalog. Additionally, informal discussiorn:

U

were conducted with members of the AFIT faculty and varicus
AFLC and AFS5C agencies.

The candidate models were initially selected based on
their ability to run on a microcomputer, and their ability
to measure one or more of the decision variables for any
selected project. Based on these initial craiteria. several
microcomputer supportabillity models were i1dentified as
candidates for use 1n performing analyses. Candidate modeis
included:

1. DStatistically Improved Life (Cycle Cost (SILUC. .

This model 1nciudes the capabiiity to perform compeonent lits

cycle cost analysis based on only a limited amount of data

(37:11) .
2. The Logistics Analysis Methodology Frogram using
the Logistics Analysis Work Station (LAMP/LAWS) . This meodel

1ncludes the capability to measure a npraject’

m

performance
1n terms of combat capability, survivability, manpower,
mobility, and life cycle costs. This model can be used ta

measure how relilability or maintainability improvements

C’I
-

fected not only life cycle costs, but other REM measures

>f merit as well (28:2-1).

yo

3. Logistics Support Costs (LECY . Thiz madel 1ncludes

the capability to estimate costs aof new weapon 3vstem oro -
2 )




curement and weapon system modifications. It also has the
capability to determine the impact of design changes on a
wide variety of life cycle costs (11:1).

4. Cost Analysis and Strategy Assessment (CASA). CASA
1s a group of Logistics and Life Cycle Costs models
integrated through the use of option menus. CASA includes
the capability to perform several suppcertability analysis
tasks relevant to the three projects in this study,
including:

LCC Estimates

Trade-cotff Analysis

Risk and Uncertainty Analysis
Cost Driver Bensitivity Analysis

Reliability Growth Analysis
Spares Optimization (7:1-1).

* X % x *

*

5. OGystem Cost Operaticnal Performance Evaluatisn far
Modification (SCOPE-MOD)Y. SCOPE-MOD incorporated the cap-
ability to assess how propoged changes in weapon 3ystem
reli1ability and maintainability would affect the entire
spectrum of R&M 2000 goals for that particular weapon svs-—
tem. It performs this analysis by comparing a 'complete’
baseline data set for a particular weapon system with a dats
set including the proposed moditfication parameters. The
output of the ZCOPE-MOD models 13 designed to highlight the
diftesrences of the proposed modificaticn and the current
gystem 1~ terms of bolh life cycle costs and various

operational parameters. such as number of sorties generated,




number of targets destroyed. and a.rcraft availability
(39:2-5).

6. Life Cycle Cost Analysis Program, versicn H for per-
sonal computers (LCCHPC). The LCCHPC mcdel ecvaluated tor
this study was a microcomputer adaptation of the LCC-2 Lire
Cycle Cost Analysis Program. LCCHPC i1ncluded the capabil:ityv

to "evaluate the costs of acguiring an avionics system and

p—
o

supporting 1t over 1tsg operational lifte” (lw:1-1y. The
model alsc 1ncorporetes the ability perform comparative
analysis of different support concepts, explore senzitivity

of life cycle costs to several different critical poaramet=ys

(such as turnaround times. mean time betwesen faillure [(MITDEFD,

L
&9
[

termine regulired spares ifevels, and

demand rates. etc.).

i
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1denti1fy important cost driving paraneters

Additional Data Collection Eftorts

From the 1nitial survey of microcamputer logistics
medels availible for pertorming ['RAM project supportabilitey
analysis, 1t became evident that the data uzed tor acoom
plishing previous studies waz ndt 521nd S prcoside onoaah
detail to allow the use of even the most bazsic logistics
support model . In order to use any of the candidate madels,
1t was clear that much more additional data would have to be
collected.

In order to facilitate this additicnal data zollection

effort, a ftorm was designed to tacilitate data collection,




Several models were examined for common 1nput elements and z
standard data collection format was designed to assist 1n
gathering additional data. This standard data collection
format and the additional data collected for each praoject
are 1ncluded 1in Appendices A through D.

The amount of additional data required was a3 funcraion
of several factors. These 1ncluded the amount <f data 1.-
cluded 1n the PRAM Project Plan, the nature of the decizion
orientation(s)., and the number of weapon systems affected by
the project. Additronally. although the final selecticon or
the logistics support model used was ultimately a factor in
deciding what additional data had to be ccllected., the

collection of the comm>n data elements listed an the farm

T

shown 1n Appendix A minimized the need to collect addibionad

;

data elaements once the final models had been selected,

92

This additiconal data collectinn effart proved tao o

pov)

challenging task. As almost all <t the previous analyszais
done in the PRAM "rogram Lftice was gua. .ative in nature.,
only one program manager within the PRAM oftice was famillar
with current Ai1r Fovce logistics zupport data syatems. o
tunately, the data catalog under development by the SIDAC
concept evploration fteam provided much needed azgistance n
the hunt for additional data. While this document was not
completed during the data rollecthion eftorts ot this ohegie

1t did praovide 1mportant clues aboat whiat Ay Povoce data




systems to use tc obtain support data as well as the inror-
mation each data system contained.

The two Air Force data systems used to collect addi-
tional information regarding critical data elements were the
variliouvs maintenance and operational data gathered by the
D056 Maintenance Data Collection System and compiled by the

Maintenance and Operatioconal Data Access System (MCDA3S) as

well as wvaricus forms of the D04l supply data system. !

1

order to ensure the information gathered from the arious
Alr Force data systems was accurate, the data was compared
with data compiled by the Air Logistics Center (ALC) Item
Management Cffice for the i1tem evaluated 1n each prolect.

It was during this phase o
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cles were noted from data gathered fraom the Air Forece data
systems used and the 1nformation reported by the wvarious
ltem managers.

This problem was especially dirficult when gathering
additional data for the -1i5C/D Improved Aircrait Wheel Mo
rect . This daftficulty firvst came "o light when attempting

to obtain faillure data trom MODAS. Dats swtracted frm

MODAS 1ndicated that the curvrent wheel wags experiencing 2t
least two to thr2e failures per month. fleet-wide. [Howewver,
a chesik of the DO4: supply system report showed that the

wheel mean tim

&

between demand (MTBD) was only one wheal

every 50 months. To further contase the 1osue. the Deputy




hardh |
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Item Manager on this wheel was carrying a3 MTBD ot 93.

months (395) .

Unfortunately, 1inaccurate data was not limited just t=2

the use of MODAS data. Further research i1ndicated that d:

ui
Ut

crepancies existed in all data systems use.. i1nc:uding
systems to gather such basic 1nformation as numiber of a1y
craft available 1n the active A:xr Force r1nventory (6).

This potential for inaccurate data was ~ause for
major concern. Unfortunately., there was no ecsy solut:on tao
the data accuracy problem. Two major steps were talen rao
mitigate the consequences «f 1inaccurate . unrelilable aata.

First., data was veriried for accuracy wi*h the respective

1tem managers or equipment o@pecilaliszts 1n as muci, a= thio

was possibl

]
D

Where the data svstems contflicted with 1npon
mation received from the 1tem managers, the data rrom the
1tem manager was ass3umed to be jaore current and also move

accurate. Second, the praoablem of 1naccurate data dictatod

th2 1mportance of uzing a maodel that featiured

9]

tromnT zen-

S1tivity analysis capability.

Gatheoring addibional dara oy She ANJALR -<doyrwa iansd
Praoceazor ['ower oupply prodect proved £o oo the mosy onad
lenging task ot this entire study. Az stated eariler. this

perticular component exists in many different weoapon oo

tems, all whiicoh have rather distinct miosions . It woald e
legreal to assnme . thevelore . gt thee Zogqnial proceesso o annd
thevelyy the power Cupply ot cach woapan Sy o toan, al e Sl et




to different levels of stress. 1f this 1s ftrue. then the
failure and demand parameters for the signal processor power
supplies will vary from weapon system to weapon system,
depending upon how each 1s used.

The data gathered from MODAS validates t! ese assump-
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tions. Depending on the particular weapon syste
time between maintenance for the signal processors wvaried
from as lattle as 252 flvying hours to over 40060 flyaing honrs
(30) .

The variance in the magnitude of reliability and main-
tainability figures between weapon systems was only on=
symptom of a more daunting task. Of the siw candidate
models selected for possible use. none of them were dezigned
for performing analyses on more than one system at & Lims.

Only two options were availlable for performing a zsup-
portability analysis of this type. The rirst option was to
perform a separafte analysis on how the power supply attected
each separate weapon system and then aggregate the results.
However . because of the pre-existing aggregation 2f =supply
system data on the Signal Processor Fower Zupply. 1t was
determined that this method of analysis would was not prac-
tical. The only other option was to develop a methodolegy
for aggregating each weapon system reliability and main-
tainability figures into a one distinct number that woulu

represent a single weapon system.
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Methodology Established for AN/ALR-46/69 Power Supply

Data Aggregation

Without the development of a valid method to aggregate
R&M data into a representative system., any quantitative
analysis using current microcomputer logistical support
models would have proven impossible. Fortunately. with
considerable patience and assistance from the AFIT Center or
Excellence for Reliability and Quality. a valid technigue

was devised to convert all the distinct data into reprecen-

[

tative aggregates. The followiling section details the step:
taken to aggregate this i1nformation:

1. The number of annual flying hours was gathered rfor
each weapon syster.. These flying hours were then totaled
into a single aggregate number. The number orf flving hours
for each weapon system was divided by the total number of
flying hours for all systems 1n order to come up with a
welighted flying hour contribution factor for =2ach weagon
system.

2. After the flying hour contribution factor tor each
weapon system had been determined, the next step was to
identify the appropriate reliability and maintainability
information from MODAS. This task was rather challenging
for two reasons. First, the work unit codes for the Signal
Processor and Power Supply were different between the

various weapon systems. Fortunately, within MODAS there are

work unit code listings which allow you to i1dentify the




appropriate work unit code for any component residing 1n any
active Air Force weapon system. Second, while adeguate RE&M
data existed for the Signal Processor work unit code, often
no data was availlable for the power supply card. Wnile, at
first, this appeared to make the whole gquantitative analvesiz
of the Signal Prccessor Power Supply infeasible. a estima -

tion of power supply faillure percentages within each weapaon

system allowed the analysis to continue. The System

w

entor

[}

Engineering Branch at Warner Robbins Air Logist.cs
estimated that six percent of all Signal Process-r failures
were caused by the power <pply 1n some weapon systems
(F-16A/B/C/D; F-4D; AC-130H; MC-130E; MH-33H/J:. HC-13CN/P);
in other ~eapon systems they estimated this percentags
increased to eleven percent (A-10A; B-52G:. B-S52H: A 7L K.
AC-130A: F—-4E; RF-4C) (10:2). Once the reliability valuscs
for the various S5Signal Processors had been i1dentitied.
these estimated percentages were then used to determine the
reliability values of the individual power supplies.

PBefore the estimated percentages could be used however.

)]

three more 1ntermediate steps had to be taken:

a. First the appropriate "time between' wvariable
(MTBF. MTBM) was converted into a reliability rate by using
“he reciprocal value.

b. Once the appropriate reliability rate was deter-

mined. this value was multiplied by the flying hour




contribution tactor in order to determine the weighted
failure rate.

3. This weighted failure rate was then reconverted
1into a mean time between figure once agailn using the
reciprocal value.

After the weighted time between reliability figure was
determined for the Signal rrocessor of each atfected weapon

system, this value was then divided by the pcwer supply

b
cr
(]

= 3 " - —~ <+ = e
failure percentacs <~ sr-deoy o estim

the Cilme Loeliwaln
reliability value of the Signal Processor Power Supply.
This time between value was once again converteld t> 3 r1=211-
ability rate.

Once this weighted power supply reliability rate had
been determined for each weapon system, these weighted rates
were then summed to reach an overall weighted reii1ability
rate. This overall reliability rate was then converted back
into an overall mean time betwcen rcliabilaity factor by onco
again using the reciprocal of the coverall reliability rate.
Table 5 1llustrates this proc: for determining mean time
between failure (MTBF).

Finally., as the System Engineering Branch determined
that the Signal Processor was only used between 35 to 45
percent of mcst mission time., a factor of .4 was used to
determine the appropriate reliabillity and maintainability

values.
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Table 5

AN/ALR-46/69 Signai Processor Power Supply
Mean Time Between Maintenance (MITBM) Calculations using
Aggregate Reliability Data Methodology

Maint
Signal Signal Flying Maint Rate ad) Power
Proces~ Process Hour Rate by Power Supp
Weapon sor Maint Factor Adjusted Supply Fail
System MTBM Rate (FHFY Dby FHF Fail Factor Fcir
A7D 4022.0 0.00025 0.069 0.000017 0.0000CL4 0.11
A7K 1798.3 0.000%6 0.007 0.000004 0.0000004 0.11
AlO0A 2552.2 0.90039 0.208 0.000082 0.0006090C g.1l
B52H 242.0 0.00413 0.033 0.000134 0.0000148 0.1l
B52G 255.6 0.00391 0.063 0.000247 0.0000271 0Ll
F4C 1765.3 0.00057 0.010 0.000006 0.000000 0.08
F4D 521.2 0.00192 0.063 0.000120 0.000007 G.06
F4E 226.8 0.00441 0.084 0.000372 0.0000409 0.11
F16A 319.2 0.00313 0.166 0.0003519 0.000031 0.2¢
F16B 632.7 0.00153 0.029 0.000046 0.000003 0.06
Fi6c 543.5 0.00184 (0.121 0.00022: 0.000013 U.08
FleD 1063.7 0.00094 0.01€ ©$.00C015 0.000001 0.06
AC130A 713.4 0.00:140 0.003 7.0000C4 0.0000004 0.1l
AT130H 0.004
HCi30N 2683.8 0.00037 0.005 0.000002 0.000000 0.06
HC130P 1971.6 0.00051 0.007 0.000003 0.0300000 .36
HHS53C 0.003
MC130E 536.4 0.00186 0.007 0.000014 0.000001L 0.0%
MHQ53H 0.003
OV10A 1246.5 0.00080 0.030 0.000024 C.00u001 0.0¢c
RFQ4C 240.1 0.00417 0.066 0.000274 0.0000301% 0.1t
MHOS3J 0,003
Pwr Sup Pwr Sup
MTEM MTBM * .40
S1g Proc Mean Time Betwn Maint-—--,475.21 5467 .13 2186.85

Using this process resulted in representative reliabil-
1ty and maintainability figures that were significantly
different from those reported by the Engineering Systems
Branch at Warner Robbins. However, 1t is interesting to
note that the Mean Time between Maintenance calculated using

this methodology came within five percent of the Mean Time
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between Demand calculated by the D041 supply system (5467.13
hrs using the reliabilityv rate methodelogy versus 5712.1 hrs
reported 1in the D041 factors analysis printout). DBoth the
MTBM using MODAS and the MTBD value from the D041 factors
analysis printout are calculated in the same manner.

The additional data «ollection efforts required for
each gp.oject were directly related to the level of analysis
required for the project. However, the amount of data
previously collected by the various PRAM project managers
also heavily influenced the amount of additional data
required.

Both the F-15C/D Improved Aircraft Wheel and the C-141
VSCF System requilred about the same amount of additional
data. Even though the C-141 VS(F System required a greater
depth ofanalysis than did the F-15C/D Improved Aircratt
Wheel., the C-141 V5CF 3System Project Manager had cbtained a
greater amcunt of data than had the F-15C/D Improved Air-
craft Wheel Project Manager. In both cases however, the
amount of additional data reguired was well over 300 percent
more than the original data availlable for both projects.

Because of the unigque nature of the form., fi1t. and
function characteristics of the AN/ALR-46/6%9 Signal Proces-
sor Power 3Supply Improvement project., the amount of addi-
tional data required to perform an adeguate microcomputer-
based surportability analy=is amounted to an exponential

increase over the original data availlable. The amount of




P—_>

time needed to simply extract the reliability and maintain-
ability information from MODAS cxceeded two man-—-dayes. It

. took another week to devise a methodoclogy that aggregated
the reliability and maintainability of each weapon system

intoc a representative data set. Without the additicnal dat.

i

collection eftforts, however., the appropriate level of zup-

portability analysis couid not have been accomplished.

Final Model Selecticn Process

Only two of the candidate models were selected tor pri-
ject analysis. But before explaining the rat.onal for tinal
model selection, it 1s i1mportant tc review the criteria faor
model seiectionn. Additiconally. raticonal for non selection
of any particular model will also be given. Be advised that
the failure of any model to be selected for use does not
necessarily indicate a taulty model. only that 1t di1d nct
meet the criteria established for model use. As ocutlined in
chapter three. the criteria for model selection were as

follows:

1. depth/breath of analysis required:

[u]

compatibility of data with model:
3. validity of model:
: 4. sensitivity analysis capability:

5. overall ease of use.
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Non-Selected Models. Only two of the candidate mndels

initially considered for possiple use were ultimately used
to accomplish the required analyses. The reasons why the
two models were selected will be addressed i1n the sectiaons
that discuss the gquantitative analysis of each project.

This section will only address the candidate models that
were not selected for use and the raticonal behind their non-
selection.

Tre following models were not selected:

v

[}

—
1

1. LAMP/LAWS. The LAMP/LAWS composite model., 1n:t
ly considered for use in this study, wag appropriate oniy
for use on tactical weapon systems. The only project 1n
this study which was tactically oriented was the F-13</D
Improved Aircraft Wheel project.

However, two constraining factors of the project i1ts-=lt
eliminated LAMFP/LAWS from final model use. The rirst. and
probably the most critical factor which eliminated the us=
of LAMP/LAWS was the sheer lack of data available for guar-
titative analysis. LAMP/LAWS required a considerable amount
of data input (88 variables) 1n order to produce any m=an-
ingful analysis (45:183). While the extensive sensitivity
analysis availlable would mitigale this problem 1n many
studies, the small amount of data available for the i1mproved
F-15C/D Improved Aircraft Wheel could not be overcome by
this sensitivity analysis capability. The second reason why

LAMP/LAWS was not selected for use was because of the single
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dimenrnsional nature of the decision

orlien

evaluates alternatives against atl ve

While this is ideally a desirable trait

analysis studies, as in the case of the

Aircraft Wheel project, there may be c

decision makers may desire

particular R&M goal. dimen

wonld not ke cost effectiv

data reqguired to run such a integrat

LAMP/LAWS when other models only

single decision orientatian

SCOPE-MOD. Initialliy.

sidered for accomplishing the analysis regul

C-141 V5CF System project. However., atter a

tion of the model along with two sericus pro
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software wused by the researcher had not matu
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The 1niti1al evaluation of SCOPE-MCD wa
US1ing Lhe analyet's gnide which came with £h
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The model required that the user develop uata entry files
using a ASCII text editor. While the documentation daid
provide exampies of how each data file was to be develaped.
1t was the user's responsibility to determ:ine exactliy where
each value was to be placed in the text file. Thig entire
procedure was complex and cumbersome. It ultimately caused

the researcher tc abandon any efforts to igse this moedel.

elected Meodelisx

)

guantitative Analysis Using

Only two of 'the caindidate modaels zsurveyed providsd
analysis capabilities that matched the predetermin=3 anil-
¥y315 levels required for each of the three projscts The
Statistically Imprcved Life
moest ¥ 2levant medel for performing guantitative analysis for

ool |
the -1

-i» Improved Aircraft Wheel prorect. The Jost

Anaivziz and Strategy Assessment Model was found tao provias

ot
-y
U

r

Q

gquired analysisg capabilities tor both the J-1.10 VUECE

b4
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em proisct and the AN/ALR-46/¢9 5-gnal Frocessor [Fower

[€p]
fe
e

supply prolect.  The raticnal tfor selecting 2ach madel 13

described 1n the subsequent s3ections detalin

I
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¢

sf the quantitative analysis performed for each project,

4

along with the limitations of eacn model . SILST firaarary-ns

T

are discuscsed 1mmediately following the section derallinag

the quantitative analysis of the F-15C0/D Improved Air-rats
Wheel project. IlHawever, as CAJDA was used t2 pertform fhe

guantitative analyszis of the twe remaining prot=cts. A
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description of 1ts limitations does not occur until after
the discussion of the AN/ALR-46/69 Signal Processor Power
Supply analysis.

F-15C/D Improved Aircraft Wheel

Rational for Using SILCC. As previously dezcribed.
the decision orientation for the F-15C/D project was one

dimensional. Eecause of the higher unit cost of th

42}

oY o=
posed RST wheel, along with the adeguate reliability of the

exlsting 2014 wheel, this project would be succe

n

R EEE S IR
sfual only

1f operational and support costs of the proposed wheel were

significantly lower than the existing wh

0]
o
V—

Beside the need to examine the life cycle costz, the

O]

amount of data available for any guantitative anaiysis was
not only limited., but also questionable in 1ts accuracy.

The 1ntegrity of the wheel 1nformation available rrom MODAS
was suspect, because of the extremely high failure rates
reported by MODAZ, which contradicted by the data availabie
from the D041l factors analyszis printaout as well as data rrom
the landing gear eguipment 3pecialist at Ogden ALC.

The model mozt suited for arnalysis of this prolect
would i1deally be a LCC model that allowed the user to per-
form a relatively uncemplicated analysis using the limited
amcount of data availlable. Because of the uncertainty of
many of the key data elements of this project. thizs madel

would also have strong sensitivity analysis capabilities,

9ef




The S5ILCC model provided both of those capabiilties.
SILCC adequately accomplished the LCC analysis using oniy 2%
variables for each alternative. In addition to 1ts ability
to use the limited amount of data available. the mcdel in-
ciuded the capability to determine the sensitivity of each
variable to a percentage change in 1ts wvalue. Not only d14
SILCC provide the capability to rapidly determine the zsen-

s1tivity of anv single variable to a changes in 112 va

3

- ~ o
hat rani

1t also provided the researcher with a fu

)

ot

N

N
-

craered the sensitivity of every wvariable 1n the model.

5

This feature proved to be especiailly us

D

ful because 1t 1m-

mediately displayed those variatles that were the most

t
—
=1

D

sensitive to changes 1in value. thereby eliminating the
sften spent trying to manually determine the degree of
variable sensitivity.

An 1mportant characteristic of SILCC that was not

offered by any other model surveyed was th

D

estensive use
made of existing Ailr force data systems faor medel input.
d Y ¢

Indeed. the main premise of developing SILCC was that 1=

Jr

Ul

data support should be met entireiy bv standard information
systems currently existing 1n the Air Force” {(37:%5). The
user documentaticon li1sted the primary Air Faorce sourcs for
every data element used by the model. often supplementing
the data system reference with a4 specific point af contact

(37:3-29). Additionally. SILCC documentation not only

acknewledged the pomzsibility of problems with data acouracy.




but provided two options for dealing with thiz problem. The
first methodology was through the capability to provide the
decision maker with a statistical confidence level of LUCC
totals and each c¢utput variable. This was accomplished by
allowing the researcher to specify a probability that input
parameter mean will vary from 1ts actual value, and then
used descriptive statistical techniques to calculate the

range of the given parameter value. The second methodology

it

for dealing with data uncertainty was through the usze af 1is
extensive sensiftivity analysis previously mentioned.

Fase orf data entry. the capability to provide on-lir=
alternative comparisons. and the unambiguous cutput reports
generated by SILCC were three other powerful features that

1ncreased 1ts value. Data entry for each alternative was

accomplished on a single screen. After data entry was com

D

ot

pleted, data files were saved through a single keystr
action. SILCC ability to provide on-line LCC comparisaons
between alternatives allowed for the researcher to guickly
examine how any changes in one of the 1nput variables ar-
tected the difference 1n total LCC between the two alter-
natives. Finally. 1n addition to the many computatisnal
output reports provided by 3ILCC., 1t provided the researcher
with a limited number of output graphs highliighting how
total LCC costs were affected by changes 1n four key
variables (MTBD. MTBR, Depot Maintenance Manhour Costs. and

Base Maintenance Manhour Costs) .




Analysis Using SILCC. Using all the data from th=

F-15C/D Improved Aircraft Wheel for the baseline analys:is
(see Appendix E and F for initial data inputs). the initial
results shown in Table 6 i1llustrated that only $7522 dollars
separated the two alternatives; the delta being cnly .22
percent of total LCC over a <0 year period. After perform-
ing & ranked sensitivity analysis of all wvariables, 1t was
ncted that the base no repair this station (NRT3) for the
wheel ranked fourth on the sensitivity analysis rep-rt roy

both the existing and proposed alternative

0]

variables listed befcre the NRTS rate. only the mean time
between removal (MIBR) data element was a variable which
might have some uncertainty associated with i1it. However.,
bec-ause of previous conversatiaons with the [leputy Ifem
Manager at Ogden and the PRAM project manager., the aoriginal
five percent NRTS5 rate became 1mmediately suspect after the
initial LOC comparisons were made and a ranked wariable
sensitivity analysis report was generated. A claser =2:-
amination ot the 1nput data revealed that the numbher orf
annual pbase wheel repalirs generated was only about 30 per-
cent of total annual whee!l repairs. with depot repair oo
counted for the remaining 70 percent (162 annual base
repairs versus 533 annual depot repairs). A second LCC ram-
parison was made using these repailr percentages as base
repalr this station (RTS) and base NRTG rates. As Table

1lliustrates, the large change 1n the NRTS3 rates had a
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Labels
CNLV

BSTK
DSTK

QCS

BMMH
DMMH
PMSH

DEVC
SYSI
SEC
BSC
BMHC
BMMC
DSC
DMHC
DMMC
SDTC
CcsC
IMCC

LCC

AVE/YR

Table 6

Results of F-15C/D Improved Aircraft Wheel
Baseline Analysis Using Original NRTS Rates

s o= <~ o]
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2014alunm

.950 -

5'
3 -
35,
261,

187.
14,
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0.

0.

0.
372900.
548791.
19850.
20340.
80247.
428621.
573521.
237300.
236232,

L R R K AR IR Y VRV

2517802,

w

125890. $

98

07-15-89
arison

newrst Delta
.950 .00 X
3. -40.00 X
2. -33.33 %
24. -31.43 %
174. -33.33 %
125. -33.33 %
9. -33.33 %
0. .00 X
846500. 9999.99 %X
0. .00 X
257400. -30.97 %
365860. -33.33 %
13233- -33033 z
15600. -23.30 X
53498. -33.33 %
154354. -63.99 X
382347, -33.33 %
187200. -21.11 %
236232, .00 X
2512225. -.22 X
125611. -.22 X




Table 7

Results of F-15C/D Improved Aircraft Wheel
Baseline Analysis Using Adjusted NRTS Rates

17:46:35 07-15-89
Life Cycle Cost Comparison

Labels 2014alum newrst Delta

CNLV - .950 - .950 .00 X
BSTK - 3. - 2. -33.33 X
DSTK - 13. - 8. ~-38.46 X
QCS - 35. - 24, -31.43 X
BMMH H 180, H 120. -33.33 X
DMMH H 1454, H 969. -33.33 X
PMSH H 5. H 3. -33.33 %
DEVC $ 0. $ 0. .00 X
SYSI $ 0. $ 846500, 93899.99 %
SEC $ 0. $ 0. .00 %
BSC $ 223740. $ 171600. -23.30 %
BMHC $ 378602. $ 252401. -33.33 %
BMMC $ 6544, $ 4363. -33.33 X
DSC $ 88140. $ 62400, -29.20 %
DMHC $ 624145, $ 416097, -33.33 2
DMMC $ 3333719. $ 1200528, -63.99 X
SDTC $ 4460719. $ 2973813. -33.33 %
CsC $ 237300. $ 187200. -21.11 X
IMCC $ 236232. $ 236232. .00 %
LCC $ 9589140, $ 6351133. -33.77 X
AVE/YR $ 479457. $ 317557. -33.77 %

99




dramatic effect on the total LCC difference between the

current and proposed wheel. With a base NRTS rate of 70
percent. the proposed R5T wheel LCC costs were about $3.2
millicn dollars less than the current 2014 wheel (a 33.77%
delta). Because the number of actual repairs accompliished
Wwas a more accurate figure than the original NRTS rates
reported by both the D041 and the i1tem manager, these LCC
figures became the baselilne recults for the F-13C/D analysiz
using SILCC.

Higher NRTS rates also had significant effects ~n tatal
LCC differences, although additional i1ncreases in percent of
change were not nearly as great. A base NRT3Z of 95 percent

produced a total LCC cost difference of over $4.6 million

&l

dollars (a 36.9 percent difference). Increasing the baz
NRTS rate to 100 percent. produced a total LCC cost dit-
ference of over 5 million dollars (a 37.33 percent delta).
In each case. the RST proposal showed significant reductions
in operational and support costs.

In addition to examining the sensitivity analysis ¢f
the NRTS rates. the values of the ten variables 1dentitfied
as most sensitive to change were varied by at least 25
percent. Table 8 shows the effect of each change on total
LCC. While many changes had great effect on the absolute

value of LCC costs, most of the deltas between the two

proposals wecre only atfected by about 3 to 4 percent.
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Table 8

Results of F-15C/D Improved Ailrcraft Wheel

Sensitivity Analysis Using the
Ten Most Sensitive Variables Identified by SILCC
Variable and
Sensitivity Fercent 2014 RET
Ranking Change LCC LCC Deita
FIUP (1) 25% decrease §7268131 $S023475  30.75%
MTBR (2) 25% decrease (R3T) $9589140 33021467 15.35%
AOH  (3) 25% decrease 7327188  $5092533 2020
ACH (3) 259% 1ncrease $11851090 37601933  22.3%%
NRTS (4 25% 1ncreacse 311645530 3741742 6.2k
NRTS (4) 25% decrease 37404943 SO 191232 Zu.40%
SC(5) 25% 1ncIreace $107043220 $7094586  32.7_.%
DMC (7)) 253% 1ncrease (RST)  $95892140 366512635 30.-4%
5YST (8)y+* 29% 1ncrease (RST) $953839140 $9562758 >1.34%
SYST (8)+ 50% 1ncrease (R3T) $9539140 $0774353 29,325~
SYST (8 x 100% 1ncrease (ROT) $9589140 37197633 Z4. 3947
DLR(8,10)** 25% increase 52738051 $0450407 22.76%
DMITID L1y **x* 5% increase 59745177 $04%2137  Z2.757%
UC(10,9)**** 5% 1ncrease (RET) 39589140 36456432 3Z.e7%
Uc(10,9)**** 50% 1increase (RET) 39589140 $65517233 31.57-
Definitions
PIUP - Projected Inventory Usage Periocd
MTBR - Mean Time DBetween Remowval
AOH - Annual Operational Hours
NKTS - Base No Repair This Staticon
PSC - Packing and Shipping Costs
DMC - Depot Material Costs
SYZI - System Investment Cocts
DLR - Depot Labor Rate/Manhour
OMH - Depot Maintenance Manhaours
U - Unit Costs
NOTES
* BY5I sensitivity analysiz ranked 8th rfor RIET alter
native only: 2014 alternative had no 3YSI caszis
** DLR =sensitaivity analysis ranked $Sth for 2014 alrter
native; 10th for RST alternative
k«*x DMH sensitivity analysis ranked 9th for 2014 altey-
native; 1lith for RST alternative
kaoxx UUC sensitivity analysis ranked 10th for Zol4d

alternative;

9th for RST alternative




Howe'rer two variables having a large impact of total LCC
were (a) the effect of increasing the development costs of
the proposed RST wheel and (b) a decrease in mean time
between removal (MTBR). As Table 8 i1llustrates, a 2% per-
cent reduction i1in MTBR time of the proposed RS5T wheel would
result in only about a $1.5 million dollar LCC savings.
which is a signitficant reduction from the baseline sawvings.
LCC comparisons were made with the RST development coztz in-
creased to over 30 and 100 percent of the proposed RIT price
in cocrder to examine how RST development overruns arftecta2d
the feasibility of the project. Table 8 also shows an 109
percent 1ncrease 1n RST develapment costs reduces the total
LCC savings of the proposed RST wheel to about 32.4 miliion
dcllars.

Findings. The baseline analysis tusing a NRTE rave
of 70 percent) demonstrated that the total LCC cost savings
of the using the RST wheel as cpposed to the current 20.4
wheel were about $3.2 million dollars. This demcnstratzd a
positive return on investment of about 3.8 to 1. a figure
gignificantly lower than the original PRAM Proiject T'lan
figure of 2.6 to 1.

Analysis showed that one of the most important wvari-
ables arffecting the differences 1n LCC bhetween the twa
alternatives was the base NRTS rates. The less capability
that the base level mailntenance has to repalr the wheel. theo

more atftractive the proposed R3T wheel alternative becames.
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This was an important result of the analysis becaussa,

al-

though the NRTS rates reported 1n the D04l were only rfive

percent of all repairs,
at Ogden ALC stated that almost all work done
wheels was performed at the depot maintenance

Indeed. if the base level NRTSE rates were 100

RET LCC savings would be over 3% million dollars.

5.9 f«

L)
o

ct ROI to over

o]
i
O
()
G

The osther significant varilable affectir

savings was wheel MIBR. The R3T wheel proposed to improv
wheel MTBER by cover 50 percent. t2 over 1002 hours. 1 th
proposad lmprovement was ulcerstated. the cost savings wo
be reduced toc about $1.5 million dollars. thereby redursir
the project ROI by to approximately 1.9 ta 1.

The most important tinding of this analysis 1ad waos L
although ZILCC reported LCC savings signitficantly lowsy b
reported by the initial PRAM [raject Plan, an extensive
amount ¢f sensitivity analysis revealed that this proies
would still provide substantial cost savings undery many
chAanIing assumptions. 9niy 10 the 1nacourate HRERTS data w

assumed correct would the cost

1NGS
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ILCC Limitations

u

A3 useful as SILCC was 1n pretorming this analysis
was not without 1t3 limitationg, Perhaps the mest 32110u:z
limitation of SILCC was 1ts intlexability to handle <chang
to spares pravisioning policy.  SILCC calculates baze,
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depot, and condemnatiocon spares using optimal sSpares provi-

sioning formula based on manipulating system peak monthly
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operating hours (POH), pipeline time. m
demand (MTBD). and the number of weapon system bazing looz
tions (37:38). Using the baseline data setr, SIL
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ments. the 2014 would require 86 spares versus 54 zgpar=:3
required for the RST option. However., the Landint Jeav

Division at Ogden ALC has a current spares 1inventoary <1 10z

main landing gear wheels. and the new RST prapesal ougo=ot-ol

anly a need for about 2323 spares (42:8). Whil= one miahs

debate the necessity of keeping such a large =zupply ot

Sspares, especially for the 20l wheel. the facht rema:ins
that oy whatever reason the polioy ~f otaocking Lo
Zpares 13 cwrrent depot malntenancs pollcy . SILCC has no

mechanism to adiust the number of base level, depon lowe |,
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Fortunately, because all needed spares had aireads
procured, this problem had little eftect an the ovovrald
anailycis.
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Costs could only be entered as throughput costs.  Zuppore

Equipment Costs could also only be enter

costs. Additicnally., ILCC did not have any capabli
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model recurring support 2qguipment costs., documentation
costs. or training costs. While naone of these limitatiom

had a direct 1mpacht oan the F-12C/D Improved Aircyratth Whe=eol

Study . had 1t Deen amporTant to capture any of theze L0
= ryes, 1t WO ; s peen possible o lete ¢
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period. Under the e::is
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o may not reguilre repalir of the electrical generataor
associated with 1t. The cnly generator repair data a/ull
able for analysis was the number ¢f Jenerators repaired

annuatly and the total annual generator repalr cozt. in
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alternatives being consideres

Besides the great flewibility 1t demonstrated 1in

forming this particular analysa
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Searcher a unigue capability to gquantify praoject rizqA.  JATA

allowed the vesearcher to estimate a numbey of poatsibhis o2 -

tributionz oI unit costs, MIDBF. and mean fTime o7 renaty
MTTRY, then uz= thesco distribut1ons in periovn BT
1000 1rterationsg ot g Monte Jario simulation meodriese wrgpro
ately named FEIZKMC. The RIDHOUT moduie then dhzpiays i
102 gercent LOO toy the altnernat:iyes "sn
analyzed. and calculates the strengtin 2f the Zimrlan oo
uzing botn the aipna and beta sravistical tesis

Altnougn the data input madule of JAIA cornmain-=a
24 categoriez of 1nrformation and U7 separate data oanc
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use within both the Air Force and the DODL cupportacil:cy
community. Additicnally. zewveral independent studies hawve

1cal robust-
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o

validated both the model's accuracy and statais
ness (25:35, 33:335, 21:12).

Analysis Usaing CASA. The data elements from ~he
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C-141A/B VSCF Zystem prolject data analysis wor

used as data sets for baseline analysis (See Appendix [ ani

J ftor model 1nputs). As Tahble 9 1llustrates, the Yooal Lo
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million dollars above t

C3SD system ta 102.2 percent deltay. While the VOF zyrtzm
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pcrt cost over the existing CCD system (=
$S2.8 mallion dollars). the considerable front end dewelor
ment and implementation custs of the priposed VSJTF Cwstem
(over $136.2 million daeliars) negatad the estimated op=or:
ti1onal and support cost reductions ot the VIOUT zvaten.
While TAZA allowed the ressarcher to change any nuwml=Yy
of anput wvariables and examine the etfect of the changs on

each alternative LOC, 1hs SENSE module Lot the paseoar i

perform divect sensitivity analyvsiz of unlt cost, MTO A
MTT® by inputing degired per-entage changes too fhe U0 MERT
oy MTTR bacseline wvariable values. Table 10 highlights the
results <f this sensitivity analysis for the Voor aitterna
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Table 9

Results of C-141A/B CSD vs VSCF Baseline Analysis

COST COMPARISON (1385 DOLLARS x 1000) 07-04-89
3332 TOTALS OVER ALL YEARS s*%

. Base: C-141 Constant Speed Drive
Alternative: C14]1 Variable Speed Constant Frequency Drive

Total Total
Base Alternative Diff IDiff
ACQUISITION COSTS

TOOLING AND T.E.
START UP

SYSTEM ACQUISITION
SHIPPING CONTAINERS .
PRE-PROD ENG CHANGES
PRE-PROD REFURBISH
INSTALLATION .
SUPPORT EQUIPMENT .
HARDWARE SPARES 5051.
SPARES REUSABLE CONT
INITIAL TECH DATA
INITIAL TRAINING
TRAINING DEVICES

NEW FACILITIES
INITIAL ITEM MGMT
MISC ACQ COSTS
WARRANTY

-

OO0 OO0OOODOOIVOOOODOoOOOQ

108199. 108199,

1600. 1600.

16260. 16260.

3203. -1847. -36.

7000. 7000.

QO COOODOOOODOOOVLWODODOODOOO0O OO
[eRoNeoNeNeNeNolol NolleNolleNeNoNoNe
O OO0 O0OO0COONOOOOCOOCOOO

TOTAL ACQ COST 5081,

~

136262,

(4]

131211,

w

2597,

[+

OPERATION & SUPPORT COSTS

OPERATION LABOR
REPAIR LABOR 5868.
SUPPORT EQUIP MAINT
RECURRING TRAINING
REPAIR PARTS AND MTL 15861.
CONSUMABLES
CONDEMNATION SPARES
TECH DATA REVISIONS
TRANSPORTATION 7695.
RECURRING FACILITIES
RECURRING ITEM MGMT
CONTRACTOR SERVICES
ENGINEERING CHANGES
MISC O & S COSTS 12225,

2340.

13425.

3068, -4626.

COOCODONOODCONROO O
OO OO O UVWOODOWMOO —O
COO0OO0OONODOWOO MO

TOTAL 0&S COST 71650,

(¥,

18834.

-
[}
(o 1]
(%)
w
—
o
—
)
~1
)

-3

TOTAL COST 76701, 165096.9 78385.2 102.2
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Table 10

Sensitivity Analysis Examining LCC Effects of Changing
VSCEF MTBF, MTTR, and Unit Costs While Holding CZD Coszts

Constant (in thousands of dollars)

Percent Diff in both
of V3CF ceh VSCE Dollars and

Variable Baseline* LCC LCC Percentage

MTBF 25 376701.6 $217559.8 $1408585.2 (1a3.6%0
MTBF 50 $376701.6 $175942.7  $99241.1 (129.4%)
MTBF 75 $76701.6 $162045.4  $85343.3 (1lil. 3%
MTBF 100 376701.6 $155096.8 378395.2 (102.2%;
MTBF 125 $76701.0 3150957 .5 374255.9 (96 .8%
MTRF 150 $376701.06 $147328.7  370627.1 (92.1%
MTBF 225 $76701.6 5142621.8 365920.2 (3%.9%
MTBF 300 $76701 .06 $140020.5 3$53328.9 (482.0%)
MTTR 25 376701.6 $153341.7 $70640.1 (99 9%
MTTR 50 $376701.6 $153926.8 $77225.2 (100.7%)
MTTR 75 $76701.6 $154511.3 3$77810.2 (101L1.4%
MTTR 100 376701 .6 $155096.8 §78395 .2 (122.2%)
MTTR 125 $76701.6 $155681.9 $78930.2 (102.9%)
MTTR 150 376701 .6 $156226.9 $79525.3 (103.7%
MTTR 225 $76701 .6 $158022.0 $81320.4 (186.0%
MTTR 300 $76701.6 3159777 .1 $33075.5 (103, 3%
uc 25 $76701.6 £71545.0 3$-3156.6 (-0 .7%)
uc 50 $76701 .6 $99395.6  $220694.0  {29.£%)
uc 75 $76701 .6 FL27247 .9 $598546.3 185w
uc 100 $76701.6 3150096.8 F78395.71 (Lfulllw
U 125 576701.6 FL32945 .40 $10843.49 (1385w
ucC 150 $76701.% $210801.4 3124093 .8 {174.8%)
e 225 $76701.6 294347 .5 52176459 (243.8%)
JC 300 376701 .6 $377908.5 $301200.9 (222,77

* VCCF MTBF Baseline 4000 hrs
VOCOF MTTR Baseline = 1t hrs
VOCF UC Baseline = $74.500.00
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Sensitivity analysis was also conducted for the unat
cost, MTBF. and MTITR of the existing CSD alternative.
Because the existing values of these parameters were con-
sidered relatively "hard'" data. in contrast to the untested

data presented for the V3CF alternative. the (5D baseline

values were only variled by a range of 25 to 125 percent.
Table 11 contains the results of the U3D analysis

ivels conducted for the U0

Besides the

97}
1¢]

nsitivity ane

o]

MTBF. and MTTR. for each alternative, many other maintenance
variables were changed to determine their effect on costs.
These changes included decreasing the years of use2ful cystem
life. increasing and decreasing the number of maonthly
operating hours. and decreasing the base NRTS rate.
Additicnally. the effects of infiation and discounting on
overall Life Cycle Costs weare ewamined. Table 12 highlight:
the resuits of these sensitivity anaiy=es.

In addition to performing the ahove sensitivity anai-
¥sis, risk analysis was pertormed on the VY3CF alternativs,

using the RISKMC module. The

—

“1sK analysis was pertormed
in an attempt to account o the "soft” VICOF data. as well
as tce demonstrate the risk analysis capabilities of CAZA,
The RISKMT madule 15 a Monte Carlo simulation program which
allows the researcher to establish both a value range fov
Unit Casts, MTBF. and MTTR. and select probability distraibu-

tions for the chosen values. After the values of each




Tabl

e 11

Sensitivity Analysis Examining LCC Effects of Changing

CSD MTBF. MTTR.

and Unit Costs While Holding VSCYF Costs

Constant
Percent
of CSD VSCF

Variable Baseline* LCC
MTBF 25 $155096.8
MTBF 50 $155096.8
MTBF 75 $155096.8
MTBF 100 3155096.8
MTBF 125 $155096.8
MTTR 25 $155096.8
MTTR 50 $155096.8
MTTR 75 $155096.8
MTTR 100 $155096.8
MTTR 125 $155096.8
uc 25 3155096.8
uc 50 $155096.8
ucC 75 $155096.83
UcC 100 $1550905.8
uc 125 $155096.8
x (CSD MTBF Baseline = 1593 hrs

3D MTTR Baseline = 16 hrs

CsD UC Baseline

Sensitivity Analysis

Variable

Res

Using

Useful Life
Hours
Hourz=

Svstem Op
System Op
NRTS rate
MTTR

Inflation
Inflation

and

Discount rate

3

$60,132.796

ults of

CAZA (in thou
Percent
Change
25% decrease
25% 1increase
25% decrease
25% decrease
00% 1ncrease
5% per year

%Int/10%D1isc

11

5
c

o)

C
LEC
$267185.
$14003%.
$97833.
$76701.
564034 .

F72500.
$73767.
$75234.
376701 .
$373168.

§72913.
374176 .
$75438.
$76701.
377964
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550039
Fo2521.
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(in thousands of dollars)
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Dollars and

Percentage

$112088.
3-15061.
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$-78395.
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variable and their probability distributions have been

selected, RISKMC allows the researcher to chcose between 59
and 1000 iterations of the simulation. After the number of
iterations is chosen, ISKMC "fits" the values chasen to th

probability distribution selected and the number of itera

tions chosen. The resulting cutput 1s a prediction of LCIC

prcbabilities based on the probability distribution selecter

and the number of iterations chosen.
For risk analysis of the C--141 VSCF alternative, Table=
13 shows the parameters selected for unit cost, MIBF. and

MTTR. The unit cost of the V3CF was wvaried from its prao-

posed price to a value representing a 25 percent cost 1n-
crease. The MTBF value was varied in order to captures a 25
percent decrease to 50 percent 1ncrease. Finally. the MTTE

=4

value was varied to capture a 25 percent decrease to a fi1tfct

Table 13
Parameters Selected for C-141A/8 VCUF Risk Analvaasz
Variable Ulstrabution Lowest Vajue drighest Vaiao
'Init Cost Lnlruxm $74.500 F23.126
MTBF Uniform 3000 hrs 6000 hr=
MTTR Uniform 32 hrs 54 hrs

percent 1increace 1n the depot maintenance hours reguired to

repalr the V3CF. As the preobability distraibution of this

p—
—
™)

1)




[
)]
D
[Vt

proposed data was unknown, the researcher chose to
uniform distribution.
The maximum number of iterations (1000) was chosen for

the Monte Carlo Simulation in an effort to increase 1ts

ot

statistical significance. Figure 5 indicates the results of
the C-141A/B V3CF risk analysis.
Findings. The baseline LCC comparison indicated

alternative would increasze LOC

that 1mplementing the VST
costs by about 102.2 percent of the existing CSD system over
an estimated 25 year useful life of the C-141A/B fleet.
Additionally. the calculated ROI of this project was si13-

nificantly less than one.

The analysis performed by using CASA indicated that the

ot

- -~ =}
cimacves

0]

initial analysis done by the PRAM staff had overe:
the ROI of the V3CF alternative. The cost/benefits calocula
tions performed by FRAM staff analvysis estimated that the
C-141A/8 project ROI was .51 to 1. The baseline analysis ot
the V35CF alternative using CASA estimated a ROI of .34 o> 1.

The sensitivity analysis capabiiities of CASA showed
that ercept for a couple of extreme casesz, the ewmisting <ol
alternative proved to be the more viable cost coption. Under
all scenarios examined. the only times that the VSCF option
proved to be the more viable alternative was when the V3CT
MTBF was obtainable and the current CSD MTBF was over-

estimated by 75 percent., or 1f the propaosed VSCF unit cost

—
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1.CC vs Cumulative Probability (Using Generated LCC Values)
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was reduced by 75 percent. The likelihood of either ot
these events wccuriing could occur appeared remote.

The baseline delta between the two alternatives became

count rate of 10 percent were applied to the life c¢yois
ccsts of both alternatives. With both of theze factor
calculated 1nto the study, the VSCF ROI became .21 o L.
Finally. by performing a limited visk analysis using
he RIZCKMC module of CAZA., the researcher found VSCr co
arying between $159 million dollars and $190 miliian dol-
lars. Additaiconally ., using the risk analysis paramsters

listed 1n Table 13.

-t
o
[0}

RISKMC estimated that there was

w

t ;

4]

abcut .95 probability of VSUE co

P

reaching Fi8S milliaon
dollars.

Through having vpertormed the i1nitial baseline ocrompario
on, extensive sensitivity analysis, and a limited r:isi
analysis. the guantitative analysic showed that und=y o widis

variety of assumptions, the VSUF did not prove fa be & cost

eftective ophtlaon., ewven though it improved reiilabilaity by

}

over 309 percent. The VSCF system may 1ndeed provide add:-

tional reliability., but the

D

*tensive gquantitatilvye anaiveis
pertormed suggested that 1t may not be worth the large

acquisitilon coct,




AN/ALR-46/69 Signal Processor Power Sugpply

Rational For Using CASA. As mentioned eu: iiwr. the

additicnal data collecticon effort for this projecht proved to

be particularly challenging. As the AN/ALR-46/69 Radar

Warning Recelver was 1n use on more than 17 different weapan

systems. subjecting the Signal Processor Power Zupply 2o
several different stress levels. conly twe analysis ogpnionz
seemed Lo be availabls:

1. Ferform separate analysSis ILCr =aCh wWeapel SvITon.

o rermulate a methodology

entative Jdata inputs Lo a particular madel.

)}

-
1

T

pYe:

€)

The dsifficulty with chocosing the fairst alternatice v

Py

the AN/ALR-465/6%9 Signal Prarcessor Fower Dupply proceot wWals

1

ot
L
S

that existing Air Porce 1nvenbtory management datia syve
ajgregate the only 1nformation avarlable conc=2rning maln

fenance r=2palr cycle time. mean time to repalr. mean Lime

o

between demand. and & host of other roliabiliity and mawn
tainability information. The regearcher was unabdle to ©ind
encugh diztinct data Lo pertorm the Jiinal Dvoc2ssor Towen
Suppiy analysis for each separate woapon 3vshem.

The <only choilce left to the resear<her., 10 any ana.vais

was to be accompliished., was to agdaregate the reiiab:ility an

m3intainability data. A methodolagy was rformmilated to
zucceezofully accomplion this tazk with a faiy amount o Aac
curacy .




In addition to the desirable rei:zabila
ability characteristics mentioned 1n the pr
analysis. CASA was chosen as the model to u
project because 1t was determined that this

greatest capability to handle

ti1onally. CASA determines aver

systems per location by divida

1 thi t
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tems u
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svystem by
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Table 14

Regults of AN/ALR-46/69 Signal Procegsor Power Supply Baseline Analysis

COST COMPARISON (1985 DOLLARS x 1000}
#ss TOTALS OVER ALL YEARS e»s

Base: Existing AN/ALR-46/69 Power Supply
Alternative: Improved AN/ALR-48/69 Power Supply

Total Total
Base Alternative Ditt
ACQUISITION COSTS

TOOLING AND T.E.
START UP

SYSTEM ACQUISITION
SHIPPING CONTAINERS
PRE-PROD ENG CHANGES
PRE-PROD REFURBISH
INSTALLATION
SUPPORT EQUIPMENT
HARDWARE SPARES 145,
SPARES REUSABLE CONT
INITIAL TECH DATA
INITIAL TRAINING
TRAINING DEVICES

NEW FACILITIES
INITIAL ITEM MGMT
MISC ACQ COSTS
WARRANTY

300. 300.

3g. -1086.

QO OO0V O0OO0COTOOOQOO OO
OQCOODDO0O0DVOBOCOOOOOOCO

[ ]

339.

(=]
oo

TOTAL ACQ COST 145. 193.

OPERATION & SUPPORT COSTS

OPERATION LABOR
REPAIR LABOR 1835.
SUPPORT EQUIP MAINT
RECURRING TRAINING
REPAIR PARTS AND MTL 276.
CONSUMABLES 2.
CONDEMNATION SPARES
TECH DATA REVISIONS
TRANSPORTATION 144,
RECURRING FACILITIES
RECURRING ITEM MGMT
CONTRACTOR SERVICES
ENGINEERING CHANGES
MISC O & S COSTS

~-1762.

81. -194.

-2.

42. -101.

COOQOO0OO0OROO®MeOO~O
OCOO0OOOPMOO®MD®OOWOWO
COOO0OO0ODMOOOOBOONO

O
[~]
e ]

TOTAL 0&S COST 2258. 198. ~2060.

(& ]
»

TOTAL COST 2404. 537.

[#)

~1867.

118

D11t

~73.

132.

~96.

~70.
~T71.

~70.

-91.

-17.

QOO0 O0OO0O0OO0ONODOOOCOOOCO

OO0 OO, OOddOOOO

[+ o]

[S]
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simlilar o the C-141A/B V3CIP System shudy ., thiz zenoimisiny
analysis was performed 1in two zeparate =z=taps

1. Fertforming sensitivity anaiysls on the proprsed
power supply improvement whlle helding the LOC cr <he
exishing power supply at the paseiine resulits

2 Keeping the LCC tatal of tne proposed power Supgpiy
rmprovemant at the baseline while performing Zensitilvity
3naiysis of the ex1s3t1ing powery zupply altsrnative Tanole L
and 19 highlight the results 2f thsese sensitiviny
o=nEltlvity analysiz was also performed on ther warianls
of 1 Table 17 LI

The RISHMT meoduls SIS &
the total 1 ed
Zignal Fraoc FTaWT
e parameters selected Ior unit ocost, MTIDF., and MTTH.
The unilft Ccusht L “he 1mpraoved power SupDly aifSrnativs Wil
varied from 153 propased price to o a value rapresenting o I2
cercent o inoYease The MTED ranges choSen vopressnt =
congervative estimates oy the VOOD alternativs e
Pimabtezs were used T I I Do ChaEen Wi -
YESCE MTREF would be signitiroant iy loawey than the MTDY
estimated by the VIO Proszect Plan. Finaliy. the MTIR
value was variled tao capture up tooa U0 percent 1ncteale
“he deopot maintenance hours required o repasy the g o0
CowWeyr sunply. Since the probability distraibution of mhrs
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Sensitivity Analysis Ewxamining LC
ting Power Supply MTBE.
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Table 17

oA
SZor

Results of AN/ALR-4%/69 Tignal Proce Power Cupply
Sensitivity Analysis for Selected Variables

Using CASA (in thousands of do'lars)

Evisting Improved
FPercent Pwr Supply  Pwr Supply
Variable Change LCC
Userwul Life 25% decrease 31839.93
Cystem Op Hours increazse  33002.9
NRTS rate decrease  32404.73
Inflaticon ey vear  L3L36 .4
Inrfiation ana
Diszcount rate EDi=c BlOgllg rred407 T
Table 18
Parameters Selected tor AN/ALLK-48/6% Impyoved
Zignal Fracessar lNower Supply Risk Analvsaas
Yariabl= Diztribution Lowest Value 1ii
Unit Cost Uniform S3.000 . 00
MTEBF Uniform 000 hrs 3
MTTR Uniform 1.5 hrs
propozed data was unknown., as with thns C-141 VIoLD analyz
“he researcher chosSe Lo use the unifaorm distribution
The matiimum number of 1teoratons 1lo0i was alz -
Por thie ANJALR -de 2% Tmpryaved Dowey Durply Mornaes Jzplc
cimulation. The maxamum number of 1ferations wers ws=d 2
ftert to add statistical significante to the uss of o the
anitorm distribation Pigure 6 ozhoaws the rezuits of the
rizk analvzis for the impraoved powery zupnly altermative
|




LCC vs Cumulative Probability (Using Generated LCC Values)
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Figure 6. Cumulative LCC Probability Curve for AN/ALR-46/c7
Improved Signal Processor Power Supply Alternative
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Findings. The 1initial analysis showed that

LCC difference between the two alternatives was

million dollars, with the improved power supply

being the less costly alternative.

tional and support cost savings of the proposed

improvement was about $2.00 million dollars.

inal $300 thousand deollar i1nvestment ¥

cos

a BOI of about 5.87 ¢ Hcowewver ., with the

i}

project investment costs oIl an additional 3300

dallars, the ROI decrea i

This original return on im

.95 to 1 RNOI estimarted by the original PRAM

This seems to strongly col the ariginal

Thi3 was becaucse

193]
ot
.t

performed by the ['RAM

values used i1in the twao

The lALBF

2960 hours

The value

ectimated %

It

an explanation ot the data agg

model used the 12399 MTRE value,

O

2

$33.2 mailion dollars. representing

have ewceeded

over 15.6 fto L 1f only 3300 thousgand dollars was

invastment cost or about using a ol

dollar 1nvechiment cost.
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In addition to the baseline analysis. the extensiv

41

sensitivity analysis performed showed that the improwved
power supply alternative proved to be the more feasibls cost
alternative for a wide range of critical variable wvalues
(see Tables 15-17). As Table 16 highlights. the current
power supply would be the more viable alternative anly if
the MIBF of the existing power supply had been undsrestiman-
ed by several thousand hours.

The limited risk analysis performed showed that tatal
LCC for the improved power supply alternative could be
expected to range between 3850 thousand and aboutr $1.2209
million dollars. Using the 95 percent probability figure «f

$1.2 million dollars to r

T

present a conservative LCC
estimate, the cperational and support cost savings wont ol
sti1ll amount to abeout $1.6 million dollars. This would
st11] demonstrate a positive ROI of about 2.67
3600 thousand dollar figure was used as the baseline prolect
development cost.

Limitations of CAGA. While CASA proved to he gulte
p g

flewible rfor performing the trade off analyses far both the

C~141A/B VSCF System and the AN/ALR-46/69 Signal Processzor

Fower Supply. 1t had some limitations which impacted the

overall analysis. As with JILCC, CASA used formulas

designed to calculate optimal spares provisioning far 2ach
ja gl

alternative, rather than actual spares provigioning. this

may have caused both =tudies to underestimate the acquisi

126




tion costs of spares for each alternative in both the
C-141A/B VSCF System analysis as well as the AN/ALR-45,/69
Signal Processor Power Supply analysis. However. with the

flexibility that CASA has to incliude both misceiianecus

4

.

D = . B N I T
ewSLs, Lhiesl 2 JVI8S CouUld DE uSeu T

€]

SeguUiIsitTioh ai.a &
reflect a wide variety of spares provisioning policies.
Even using these categories, there still iz a high probabil

< =
-

- that CASA would inaccurately calculate spares provision-

ing.
The= other challenge to using CASA was Lo determine ths

proper system monthly operating hours. In the

analysis. the system operating hcurs of both the VIUF and

the C3D mirrcred the weapon svestem flying hoursz.  Howsver.

with the MTBI calculations for the ANJALR 40709 Saonal

4

-

Processor Power Supply being calculated as a fracticn of

fem howrs o

weapon system operating hours,

o+
joy
3
(o)
(@]
t
g:
jo8)
[
1]
e
3]
=
]

use tor the monthly system cperating hours input became
somewhat muddled. The researcher decided to uze weapon

e
D}’D‘-

4]

m operating hours for the baseline analysis. but aloo

periormed 3 comparilzon analysiz uging the fractiosnat
culation as well. As could be ewpected. the fracticonal g

p—

value rezulted 1n a lower operational and support cast
savings (31.32 millicn dollars using the fractional valus
versus $2.06 million dollars using the full weapon syotem

operating hours). Heowever, even using this lower fractionai

value, the ROI was still about Z.2 to 1.
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Two other CASA limitaticons. while not serilcusly hinder-
ing the analyses undertaken. nevertheless should be men-
tioned, since they did slow down the overall pace of the
analysis. Although the actual CASA software was easy ta us
atiu pruvided o large amoun. oL S 110 Letp.
manual was difficutt to use. The ewplanation 2f how dif-
ferent formulas were used 1in varicus CASA calculatiaons was
difficult to follow. Many hours were spent reviewling o

user 's manual and several program runs were needed ©Y thie

(o4

~esearcher to learn how the various formulas were inftegraz-=a
into various CASA models. Additionally. as cppesed to

SILCC, CASA documentation did nct provide any guidance alnou?
where to locate data needed for medel use. Whiie aamitiedly

O even oroach

j 0N
(]
.
rt
(@)

1t 153 1nfeasible for a DOD develaped mo

T
-

this issue. without any guidance provided about where

< of thn

gather the data needed for model inputs. the us

T
o

(o

model to perform gquantitative analysis becomes much more

difficult.

TTTVASY Ngm Do e -+ ~
SILDAC Analvsis Aszistance

During the initial phases c¢f this study. the author
used the Supportability Investment Decision Analysis ¢
(SIDAC) model catalog as a resource for assistance 1n deteyr
mining which models to use for the study and where hto locats
data sources needed model i1nputs. Several people from

Dynamics Research Corporation. who are members of the SIDAT




concept exploration Leam. allo orifered some general assiz-
tance 1n locating data scurceg. determinins moede!l wtiiiny
and obtaining some madel ftwar

The GIDAC mcdel and data catalogs did praovide the re-
S33ur il Wit 4 SUavLAng point Loy porlcuring Lnaliyciz. o
the data catalog providing the mest assistancs The da—a
catalog provided the researcher with functional d=scription:
of sewveral =xisting Aiv Force data =vystems clong ~:nh nhe
oifice ¢f primavy responsibiility and polnt of oontacst T
model catalog was more limited in 1ts ubility. howsver
vhile 1t di1d provide a general descoription of almost all
mcedels survevsl 1n this stuldy. tne only modsl that wais

escribed with =rnough detall to make 3 utilization decisl
was LAMP/LAWS and SCOPE-MOD (42:12-44.55-60) The doomnmen
tation <n all other mede2ls had to bhe cbtained fiom the
otfflce ¢of primary responsibility before the rageirchar wias
able teo obtain enocugh 1nformation as to mode] use.

However, as the SIDAC was still undergoing cancept o
ploration during the research periad of this study. 173 Ton-
cept exploration team members werse not ramiliay onogn W1 h
any mcdels used 1n this analysis to provide the autioy witi
any assistance regarding their capab:ilities or limitations
Additionally. while the mcdel catalog provided an importan
starting point far the madel 1nvestigation phase ot this
research. 1t wags only in dratt form when used by the aurhov
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analysis.

in

were

the

complat

. and may aiways be.

Some o

-t the key variables that must be conz:ideres?
e analysis and decisions for any PRAM Zrao--on
gualitative 1n naturs Fey deci-

sion variadbles such as the technical rizk of the projest and
e Lover of TDO/EPM/MAJCOM commitment are sftern subjischbiv
and may prove difficult., i1f not impossible. ro gquantify
kzoearch Hesuitzs

The tailcred used in Lhils rezearch o allowesd
thie reseavcher To adeguately perform the quantaitative oot
penefit analysis tor each of the PRAM projects usced 1 this
thesz:s However, since each phase of the resesrch providsd
the author with interssting and zometimes diffionlc ohal -
lenges. pernaps tne ezt way 0 discuzs thes researsn rooult

15 to highlight

N

& v

a - 98 GLIAmIL I

the

1. decisiaon levszl analyzis:

2. initial medel survey and Jdata coilecticon:

3. final model selection:

4 modlel uomE 1IN pel forming Juantitaties analuo s

5. SIDAC analvsis assistancs

Dezizion Lavel Analveisz Prrtorming d=ci13i1an =we]
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LB

senior PRAM management were uzing to 2valuate each o
1% would nct have been poisszible T select the praoper
supportability model.

As stated in chapters 2 and 4. determining thne
anilyv=is roguived Two steps

1. determining the decisian orientaticnisi;

2. evaluating the amount of data availlable.
Thiz processz was ra2latively uncomplicated The 1r- <
evaluation or each FPRAM FProject Plan and unstructurs
views with each respective Prolect Manager, together
follow-on wonversations with sentar FPRAM management
the author about two weeks

Althcugh thiz preocedure was uncomplicated. bv d
mining the decizion orvizsntation{s) rejqulred and the
avallable for each project. 1t was possibkble to devel
matri ¢of analyzis complexity T 33218% 10 the mods
tion The uzme2 of This mati il gr2atly facilitaned s=
t2r and selecning an appraopriat= !

Initial Model Turwvey and Data Jollection.  The
af findlng microcomputey chasesd ISt ios o Supnart omod
woilid match the level 2f anaiyIizs vequair=d ror each
praject proved to be o a challenging hask Zi1nce none
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of unit cost. MIBF. MITR. =tc., the proposals becams =2itheyr

of the sensitivity analyses could be performed in lesz than

20 minutes. Without the use of microcomputer-hasad models
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model structure,

ing of how various mathematical and statistical
were used 1in performing varicus calculations.

was a very time intensive process,
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The amcunt <f time needed to
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C-141 VSCF System Project Worksheet

Appendix C:
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Appendix E:

17:32:39

Initial Input Values for
CoD 2014 Alternative

Life Cycle Cost Input Parameter Variables
File Name: 2014alum
Work Unit Code Name: WHEEL MLG

Work Unit Code: 13AKB
Manufacturer: BENDIX

National Stock Number: 1630010585612

Data gathered by: CAPT DAVID MARTIN
File Time and Date: 11:33:13 06-23-89

DEVC Development Cost

SYS] Systes Investment Cost

SEC  Support Equipment Cost

M Nuaber of Operating Bases

AOH  Average Annual Operating Hours

POH  Peak Month Operating Hours

PIUP Projected Inventory Usage Period

uc Unit Cost of Item As a Spare

W Veight of Item

MTBD Mean Time Between Demand

MTBR Mean Time Between Resmoval

NRTS PFraction of Removals Not Reparable at Base
RTS Fraction of Removals Reparable at Base
COND FPraction of Removals Condemned

PAMH Preparation and Access Manhours

RMH  Replacement Manhours

SMI Scheduled Maintenance Interval

SMH  Scheduled Maintenance Manhours

BCMH Bench Check Manhours

BMH Base Maintenance Manhours

BMC  Base Direct Material Cost/Failure

BRCT Base Repair Cycle Time

DMH Depot Maintenance Manhours

DMC Depot Direct Material Cost/Failure

PA Number of Reparable Items

PP Nuaber of Consumable Items

PCB  Number of Consumable [tems Stocked at Base
03T Order and Shipping Time

DRCT Depot Repair Cycle Time

BLR Base Labor Rate/Manhour

DLR  Depot Labor Rate/Manhour

PSC  Packing and Shipping Cost/Pound

SA Base Inventory Management Cost/Itea/Year
IMC Initial Inventory Management Cost/Itea
RMC  Recurring Inventory Management Cost/Items/year

““““““g

07-15-89

0.
0.
0.
11.
115644.0
13467.0
20.
6780.00
160.60
2035.8
668.0
.090
.910
.010
.50
8.40
.00
.00
.00
8.42
6.30
4.000
12.00
1375.48
1.
49.
0.
.700
1.800
9.57
21.46
3.00
2.55
.00
230.50




Appendix F: Init:ial ITnput YYalues ¢:r ¥-15C’D RET Alterrnative

17:36:12 07-15~89

Life Cycle Cost Input Parameter Variables

File Name: newrst
Work U'nit Code Name: WHEEL,MLG
Work Unit Code: NONE
Manufacturer: BENDIX PROPOSAL
National Stock Number: NONE AVAILABLE
Data gathered by: CAPT DAVID MARTIN

File Time and Date: 15:49:15 06-30-89
DEVC Development Cost $ 0.
SYSI Systes Investment Cost $ 846500.
SEC  Support Equipment Cost 3 0.
M Number of Operating Bases ~ 11.
AOH  Average Annual Operating Hours Hr 115644.0
POH Peak Month Operating Hours Hr 13467.0
PIUP Projected Inventory Usage Period Yr 20.
uc Unit Cost of Item As a Spare $ 7800.00
W Weight of Item Lb 160.60
MTBD Mean Time Between Lemand Rr 4071.0
MTBR Mean Time Between Removal Hr 1002.0
NRTS Fraction of Removals Not Reparable at Base - .090
RT3 Fraction of Removals Reparable at Base - .910
COND Praction of Removals Condemned - .010
PAMH Preparation and Access Manhours Hr .50
RMH Replacement Manhours Hr 8.40
SMI Scheduled Maintenance Interval Hr .00
SMH  Scheduled Maintenance Manhours Hr .00
BCMH Bench Check Manhours Hr .00
BMH Base Maintenance Manhours Hr 8.42
BMC Base Direct Material Cost/Failure s 6.30
BRCT Base Repair Cycle Tiame Mo 4.000
DMH Depot Maintenance Manhours Hr 12.00
DMC  Depot Direct Material Cost/Failure s 743.00
PA Number of Reparable Itens - 1.
PP Number of Consumable Items - 49,
PCB  Nusmber ol Consumable ltems Stocked at Base - 0.
0sT Order and Shipping Time Mo .700
DRCT Dep~*t Repair Cycle Time Mo 1.800
BLR Base Labor Rate/Manhour $ 9,57
DLR  Depot Labor Rate/Manhour s 21.46
PSC  Packing and Shipping Cost/Pound $ 3.00
SA Base Inventory Manageament Cost/Itea/Year $ 2.55
IMC Initial Inventory Management Cost/Item $ .00
RMC Recurring Inventory Management Cost/Item/year § 230.50




17:53:28
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Appendix G:

_

Ranked Sensit:vity Anaivsis of 2014 Var:alhles

07-15-89
Life Cycle Cost Sensitivity Analysis
File Name: 2014alua
Work Unit Code Name: WHEEL,MLG
Work Unit Code: 13AKB
Manufacturer: BENDIX
National Stock Number: 1630010585612
Data gathered by: CAPT DAVID MARTIN
File Time and Date: 11:33:13 06-23-89
Variables Changed by Delta = .05
Confidence Level of Base and Depot Spares = .95
Rank Variable Original Value Upper Lower Sensitivity
PIUP 20.00 21.00 19.00 142.286900
MTBR 668.00 701.40 634.60 139.014400
ACH 115644.00 121426.20 109861.80 138.677100
NRTS .70 .74 .66 129.683400
PSC 3.00 3.15 2.85 68.155350
L 160.60 168.63 152.57 68.165640
DMC 1375.48 1444.25 1306.71 50.943720
DLR 21.46 22.53 20.39 9.5378%0
DMH 12.00 12.60 11.40 9.537850
uc 6780.00 7119.00 6441.00 8.392208
BLR 9.37 10.05 9.09 5.785517
RMH 8.40 8.82 7.98 4.253409
COND .01 .01 .01 4.144300
RMC 230.50 242.02 218.98 3.592797
PP 49.00 51.45 46.55 3.451903
M 11.00 11.55 10.45 J.436163
RTS .30 .32 .28 1.378988
BMH 8.42 8.84 8.00 1.279048
POH 13467.00 14140.35 12793.65 1.036075
DRCT 1.80 1.89 1.71 1.036075
MTBD 2035.80 2137.59 1934.01 1.036075
PAMH .50 .52 .47 .253212
BMC 6.30 6.62 5.99 .099940
PA 1.00 1.05 .95 .0738005
SA 2.55 2.68 2.42 .017115
BCMH .00 .00 .00 . 000000
PCB .00 .00 .00 .000000
0sT .70 .74 .66 .000000
SYSI .00 .00 .00 .00000G
SEC .00 .00 .00 .000000
BRCT 4.00 4.20 3.80 .000000
DEVC .00 .0C .00 .000000
SMI .00 .00 .00 .000000
IMC .Co .00 .00 .000000
3IMH .00 .00 .00 .000000




Appendix H: Ranked Sensitivity Analysis of RST Vvariables

17:55:10 07-15-89
Life Cycle Cost Sensitivity Analysis

File Name: newrst

Work Unit Code Name: WHEEL,MLG
Work Unit Code: NONE
Manufacturer: BENDIX PROPOSAL
National Stock Number: NONE AVAILABLE
Data gathered by: CAPT DAVID MARTIN
File Time and Date: 15:49:15 06-30-89

Yariables Changed by Delta = .05
Contidence Level of Base and Depot Spares = .95

Rauk Variable Original Value Upper Lower Sengitivity
1 PIUP 20.00 21.00 19.00 121.886300
2 MTBR 1002.00 1052.10 951.90 116.749700
3 AOH 115644.00 121426.20 1089B61.80 116.471500
4 NRTS .70 .74 .66 107.010100
5 PSC 3.00 3.15 2.85 68.165830
6 ] 160.00 168.63 152.87 68.165720
{ DMC 743.00 780.15 705.85 27.518570
8 SYSI 846500.00 888825.00 804175.00 19.403490
9 uc 7800.00 8130.00 7410.00 9.654753
10 DLR 21.46 22.53 20.39 9.537736
11 DMH 12.00 12.60 1i.40 3.537736
12 BLR 8.57 10.05 9.09 5.785517
13 RMC 230.50 242.02 218.98 5.388195
14 COND .01 .01 .01 5.363751
15 PP 49.00 51.45 46.55 5.177854
16 RMH 8.40 8.82 7.98 4.253294
17 M 11.00 11 55 10.45 3.959090
18 POH 13467.00 14140.35 12793.65 1.787917
19 DRCT 1.80 1.89 1.1 1.787917
20 MTBD 4071.00 4274.55 3867.45 1.787917
21 RTS .30 .32 .28 1.378988
22 BMH 8.4z 8.84 8.00 1.279048
23 PAMH .50 .52 A7 .253174
24 PA 1.00 1.05 .95 . 118507
25 BMC 6.30 6.62 5.99 .099940
26 SA 2.55 2.68 2.42 .025673
217 PCB .00 .00 .00 . 000000
28 0S1 .10 .74 .58 .N00000
29 DEVC .09 .00 .00 .000000
30 BRCT 4,00 4.20 3.80 . 000000
31 SM1 .00 .00 .00 .000000
32 SMH .00 .00 .00 . 000000
33 BCMH .00 .00 .00 . 000000
34 IMC .00 .00 .00 . 000000

o5 SEC .00 .00 .00 . 0u00C0
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Appendix I: Initiz: Inputs “or T-i141A/B 250 AL L3t Lve

COST ANALYSIS AND STRATEGY ASSESSMENT (CASA) MODEL--VERSION 1.0

T2 2T===T223:x3ITTITzT3ITSTISSSS2ITTITITTIzIsIEZIsSIIozIIgTI ISz
v

LIST INPUTS PROGRAM

DEFENSE SYSTEMS
MANAGEMENT COLLEGE

INPUT LCC DATA FILE: clélcsd.dat 07-15-89
Level 1 = ORGANIZATIONAL

Level 2 = INTERMEDIATE

Level 3 = DEPOT

NOTE: Numbers in parenthesez following Section headings
denote references from CASA Users Manual

STUDY NAME (4.1): C-14]1 Constant Sneed Drive

GENERAL INPUT INFORMATION (4.2)

Reliability Growth Option: N (None)
Initial Year of Study: 1985
Ysar in Which Dollars are Expredgsed: 1985
Study Life (Monthsg): 300
Cost Adjustment Factor: 1.000
MTBF Ad)ustment (Degradation) Factor: 1.000
Average 0Ojarating Hours per Month per System: 83.83
System Operator BRequired Portion: .00000
Syatem Operator Labor Rate (8/br): .00
Support Equipment and Spares Factor: 1.000
Portion of Repair Time Spent on RTOK: .000
Consumables Cost as Portion of Piece Parts Cost: .000

MAINTENANCE LEVEL INFORMATION (4.3)

Level ! Level 2 Level 3

No. of Operating Systems per Loc.: 1¢8. 0. 1084
Ma:ntenance Labor Rate (8/hr): 9.57 . 21.46
Available Support Equip. Hours per Mo.: 173. 173. 173.
Support Equipment Utilization Factor: 1.00 1.00 1.00
Ini%ti1al Spt Eq Spares Cost Portion: .95 95 .98
Spares Conf{idence Level: .95 .95 .95
Earned Hour Ratio. 1.00 1.00 1.00

System Repa:r Elapsed Time ({Hours). 16 00 .00 43 22

-

“t




SYSTEM PRODUCTION AND COST DATA (4.4)

Previous Quantity of Systems Produced: 2007.
Bage Unit Cost per Sygtem (8): 60133.78
Ingtallation Codt per System (9): .00

Quantity Quantity Rate
. Year Produced Slope Slope

198% 0. 1.0000 1.0000

SYSTEM DEPLOYMENT DATA (4.5)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1985 1084. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

SYSTEM HARDWARE DATA (4.11)

List of Abbreviations:

COND : Portion of failures expected to be condemned
DPT : Depot level

INT : Intermediate level

K : Adjustment (Degradation) factor for MTBF

LREM : Primary Removal Level
LRPR : Primary Repair Level
MCPR : Material ccst per repair

MTBF : Mean time betwzen failures
MTTR . Mean time to repair
NRTS . Portion of failures not repairable at the primary repair level
ORG : Organizational Level
QPNHA: Quantity per next higher assembly
RTOK : Portion of failures expec*ed to retest okay
TAT . Turnaround time in months
1) No Item Name Type Unat Cost QPNHA MTBF X MTTR
2) Weight ---Spareg TAT--- NRTS COND
(Lb. ORG INT DPT LiPR LREM RTOX MCPR NRTS TAT COND TAT
') 1 Contant Speed Drive 1 60133.76 1 1595. 1.000 16.00
2 75.00 .03 00 1.0 3 i .001 2683.24 .790 ' 05 .002 .00
12 2 .00 1 1. 1.000 .00
2} .00 .00 .00 .00 2 1 .000 .00  .000 .00 000 .00
1M 3 3 co 1 1 1.000 00

P .00 .00 .00 .00 3 2 .0C. .00 .000 .00 .000 .00




MISCELLANEQUS OPERATION AND SUPPORT COSTS

Name Level Year

Annual Gen. Repairs 3 1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

TRANSPORTATION COST DATA (4.186)

Cost (8) per Pound Betwaen:
Organizational and Intermediate

Crganizational and Depot Levels:

Intermediate and Depot Levels:

Depot Level and a Factory Depot:

(4.30)

Cost

489000.
489000.
489000.
489000.
489000.
0N

489000

489000.
.00
489000.
.00

485000

489000

489000.
489000.
489000.
489000.
489000.
.00

489000

4839000.
.00
.00
.00

483000
4839000
489000

489000,
489000.
.00

483000

489000.
.00

489000

Levels:

Paparwork and Packaging Cost per Trip:

00
00
00
00
00

00
00
00
00
00
00
00

00

00
00

00

.000
3.000
.000
.000

.000




Append:ix J: Initial Inputs for T-141A/B YECT Alterrative

COST ANALYSIS AND STRATEGY ASSESSMENT (CASA) MODEL--VERSION 1.0

................................................................
S R R R R  E E E E E E E E F E E P E F R RN T

LIST INPUTS PROGRAM

DEFENSE SYSTEMS
MANAGEMENT COLLEGE

INPUT LCC DATA FILE: cld4lvscf.dat

Level 1 = QORGANIZATIONAL
Level 2 = INTERMEDIATE
Level 3 = DEPOT

STUDY NAME (4.1):

denote references from CASA Users Manual

GENERAL INPUT INFORMATION (4.2)

Reliability Growth Option:

Initi1a. Year of Study:

Year in Which Dollars are Expressed:
Study Life (Months):

Cost Adjustment Factor:

MTBF Adjustment (Degradation) Factor:
Average Operating Hours per Month per System:
System Qperator Required Portion:
System Operator Labor Rate ($/hr);
Support Equipment and Spares Factor:
Portion of Repair Time Spent on RTOK:

Consumables Cost as Portion of Piece Parts Cosgt:

MAINTENANCE LEVEL INFORMATION (4.3)

Level 1
No. of Operating Systems per Loc.: 108.
Maintenance Labor Rate ($/hr): 9.57
Available Support Equip. Hours per Mo.: 173.
Suppert Equipment Uiilization Factor: 1.00
Initi1al Spt Eq Spares Cosgt Portion: .95
Spares Confidence Level: .95
Earned Hour Ratio: 1.00
System Repa:r Elapsed Time (Hours): 16 .00

NOTE: Numbers in parentheses following section headings

Cl4}! Variable Speed Constant Frequancy Drive

¥ (None)
198%
1985
300
1.00¢0
1.000
83.83
. 00000
.00
1.000
.000
.000

07-15-89

Level 3




—

SYSTEM PRODUCTION AND COST DATA (4.4)

Previous Quantity of Systems Produced: 0.
Base Unit Cost per System (9); 75400.00
Installation Cost per System (§): 15000.00

Quantity Quantity  BRate
Year Produced Slepe Slope

1985 1435. 1.0000 1.0000

SYSTEM DEPLOYMENT DATA (4.5)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec

1985 1084, 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

SYSTEM HARDWARE DATA (4.11)

Liat of Abbreviations:

COND : Portion of failures expected to be condemned
DPT . Depot level

INT : Intermediate level

X : Adyustment (Degradation) factor for MTBF

LREM : Primary Removal Level
LRPR : Primary Repair Level
MCPR : Material cost per repair

MTBF . Mean time between iailures
MTTR : Mean time to repair
NRTS : Portion of failures not repairable at the primary repair level
ORG : Organizational Level
QPNHA: Quantity per next higher assembly
RTOK : Portion of failures expected to retest okay
TAT : Turnaround time 1n months
1) No Item Name Type Unit Cost QPNHA MTBF X MTTR
?7) Weight ---Spareg TAT--- NRTS COND
(Lbs) ORG INT DPT LRPR LREM RTOK MCPR NRTS TAT COND TAT
1) 1 Var Spd Cnt Freq Dr 1 7450G.00 1 4000. 1.000 16.00
2) 75.00 .03 .00 1.05 3 l .001 1969.92 .790 1.05 .000 .00
1) 2 2 .00 ] 1. 1.000 .00
2) .00 .00 .00 .00 2 1 .000 .00 .000 .00 .000 .00
13 J .00 1 1. 1.000 .00
2) .00 .00 .00 .00 3 2 .000 .00  .000 .00 .000 .00

T

r -
I




PRE-PRODUCTION NON-RECURRING ENGINEERING COSTS (4.9)

Name Year Cost

Airframe Non-Recurr 1985 1600000.00

MISCELLANEQUS ACQUISITION COSTS (4.29)
Name Year Cost

PRAM Cat/Cont Nonrec 1985 7000000.00

TRANSPORTATION COST DATA (4.186)

Coat (3) per Found Betwaen:

Organizational and Intermediate Levels: .000
Organizational and Depot Levels: J.000
Intermediate and Depot Levels: .000
Depot Level and a Factory Depot: .000
Paperwork and Packaging Cost per Trip: .000

153




1al Inputs for AN/ALR-46/69 Exizt.ng

Appendix K: Init
Sower Supply Alternative

COST ANALYSIS AND STRATEGY ASSESSMENT (CASA) MODEL--VERSION 1.0

l!'l,.ll,’!lltllll:ll,l83'lll’l"llll!l.'.lllll'llllI’l’l:llll"l

LIST [NPUTS PROGRAM

DEFEYSE SYSTEMS
MANAGEMENT COLLEGE

INPUT LCC DATA FILE: exi1st46.dat 07-22-89

Level 1 3 ORGANIZATIONAL
Level 2 = INTERMEDIATE
Level 3 = DEPOT

NOTE: Numbers in parentheses following section headings
dencte references from CASA Users Manual

STUDY NAME (4.1): Existing AN/ALR-46/69 Power Supply

GENERAL INPUT INFORMATION (4.2}

Reli1adbility Growth Option: N (None)
Initial Year of Study: 1985
Year in Which Dollars are Expressed: 1985
Study Life (Months): 120
Cosgt Adjustment Factor: 1.000
MTBF Ad;ustment (Degradation) Factor: 1.000
Average Operating Hours per Month per System: 26.34
System Operator Required Portion: .00000
System Operator Lador Rate (8/br): .00
Support Equipment and Spar«s Factop: 1.000
Portion of Repair Time Srent on RTOK: .000
Consumables Cost as Pcriion of Piece Parts Cost: .010

MAINTENANCE LEVEL INFORMATION (4.3)

Level 1 Level 2 Level 3
No. of Operating Systems per lLoc.: 29. 0. 3319.
Maintenance Labor Rate (8/hr): 9.5%7 .00 46.32
Availadble Support Equip. Hours per Mo.: 173. 173. 173.
Support Equipment Utilization Factor: 1.00 1.00 1.00
Initial Spt Eq Spares Cost Portion: .95 .10 .95
Spares Confidencse Level: .95 .95 9%
Earned Hour Ratio: 1.00 1.00 1.00
Syytem Repair Elapsed Time (Hours): 6.65 72.00 11.18

SYSTEM PRODUCTION AND COST DATA (4.4)

Previous Quantity of Systems Produced. 3765.
Base Unit Cost per System (8). 4160.00

Ingtallation Cost per System (8): .00




PRE-PRODUCTION NON-RECURRING ENGINEERING COSTS (4.9)

SYSTEM HARDWARE DATA

Name

PRAM PROJECT COST 0

Year Cost
400000.00

(4.11)

List of Abbreviations:

COND Portion of failures expected %o be condemned
DPT Depot level
INT Intermediate level
K Adjustment (Degradation) factor for MTBF
LREM Primary Removal Level
LRPR Primary Repair Level
MCPR Material cost per repair
MTBF Mean time between failures
MTTR Mean time %O repair
NRTS Foervion of fairlures not repairable at the primary repair level
ORG : Organizational Level
QPNHA: Quantity per next higher aszsembly
RTOK Portion of failures expected to retest okay
TAT Turnaround time in months
1) No Item Name Type Unit Cost QPNHA MTBF X MTTR
2) Weight ---Spares TAT--- NRTS COND
(Lbs) ORG INT DPT LRPR LREM RTOK MCPR NRTS TAT COND TAT
1) 1 ALR-46/69 Power Sup 1 3000.00 1 10000. 1.000 1.50
2) 5.00 .10 .00 .91 3 1 .000 78.00 89s 90 000 00
1) 2 2 .00 1 1. 1.000 .00
2) .00 .00 .00 .00 2 1 .000 .00 000 00 000 00
1y 3 3 .00 1 1. 1.900 .00
2) .00 .00 .00 .00 3 pl .000 .00 000 00 .000 .00
SYSTEM DEPLOYMENT DATA (4.9)
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1985 3319. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
TRANSPORTATION COST DATA (4.16)
Cogt (8) per Pound Between:
Organizational and Intermediate Levels: . 000
Organizational and Depot Levels: 4.080
Intermediate and Depot Levels: .000
Depot Level and a Factory Depot: .000
Paperwork and Packaging Cost per Trap: 000
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Appendix L: Initial Inputs for AN/ALR-4€/69 Improvecd
Power Supply Alternative

COST AMALYSIS AND STRATEGY ASSESSMENT (CASA) MODEL--VERSION 1.0

!Illl!’llllIll!lll!allllll!!].x]:glj]xalxl:llll!l!l!lll’lllll’l’l

LIST [NPUTS PROGRAM

DEFENSE SYSTEMS
MANAGEMENT COLLEGE

INPUT LCC DATA FILE: newd48.dat 07-24-89

Level
Level
Level

NOTE:

1 = ORGANIZATIONAL
2 = INTERMEDIATE
3 = DEPOT

Numbers in parentheses f{ollowing section head:ngs
den>te references from CASA Users Manual

STUDY NAME (4.1):. [Improved AN/ALR-46/89 Power Supply

GENERAL INPUT INFORMATION (4. 2)

Reliadbility Growth Option: ¥ (None)
Initial Year of Study: 198%
Year 1n Which Dollars are Expressed: 1985
Study Life (Months): 120
Cost Ad)ustment Factor: 1.000
MTBF Ad)ustment (Degradation) Factor: 1.000
Average Operating Hours per Month per System: 16 .34
System Operator Required Portion: .00000
System Operator Labor Rate (8/hr): .00
Support Equipment and Spares Factor: 1.000
Portion of Repair Time Spent on RTOK: . 000
Consumables Cost as Portion of Piece Parts Cost: .010

MAINTENANCE LEVEL INFCRMATION (4.3)

Level 1 Level 2 Level 3
Nn. of Operating Systems per Loc.: 2S. 0. e,
Maintenance Labor Rate (8/hr): 9.57 35.00 46 32
Available Support Equip. Hours per Mo.: 173. 173. 173.
Support Equipment Utilization Factor: 1.00 1.00 1.00
Initial Spt Eq Spares Cost Portion: .95 .10 .95
Spares Confidence Level: .93 .95 oS
Earned Hour Ratio: 1.00 1.00 1.00
System Repair Elapsed Time (Hours): 6.85 72.00 1.30

SYSTEM PRODUCTION AND COST DATA (4 .4)

Previous Quantity of Systems Produced: 3765
Base Unit Cost per System (8): 3000.00

Instaliation Cost per System (8. .00




SYSTEM DEPLOYMENT DATA (4.9%5)

Year Jan Fed Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1983 3319. 0. 0. 0. 0. Q. 0. 0. Q. 0. 0. 0

SYSTEM HARDWARE DATA (4.11)

List of Abbdbreviations:

COND : Portion of failures expected to be condemnad
DPT : Depot level
INT : Intermediate level
X : Adjustment (Degradation) factor for MTBF
LREM : Primary Removal Lavel
LRPR : Primary Repair Level
MCPR : iaterial cos* per repair
MTBF : Mean t.me between failures
MTTR : Mean time to repair
NRTS : Portion of failures not repairable at the primary repair leve!
ORG : Organizational Level
QPNHA: Quantity per next higher assembly
RTOK : Portion of failures expected to retest okay
TAT . Turnaround time in months
1) No Item Name Type Unit Cost QPNHA MTBF X MTTR
2) WNei1ght --~-Spares TAT--- NRTS COND
(Lbs) ORG INT DPT LRPR LREM RTOX MCPR MNRTS TAT COMND TAT
1) 1 ALR-46/69 Power Sup 1 4160.00 1 2960. 1.000 11.18
2) $.00 .10 .00 .91 3 1 .000 78.00 .89S .90 . 000 .00
1) 2 2 .00 1 1. 1.000 .00
2) .00 .00 .00 .00 2 1 .000 .00 .000 .00  .000 .00
13 d .00 1 1. 1.000 .00
2) .00 .00 .00 .00 3 2 .000 .00 .000 .00 .000 .00

TRANSPORTATION COST DATA (4.16)

Cost (8) per Pound Between:

Organizational and Intermediate Levels: .000
Organ-zationa]l and Depot Leveis: 4.080
Intermediate and Depot Levels: 500
Depot Level and a Factory Depot: . 000

Paperwork and Packaging Cost per Trip: .000
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The purpose of this research was to demostrate how
microcomputer-based logistics models could be used to en-
hance the analysis of major project proposals for the USAF .
Productivity, Reliabilicy, Availability, and Maintainabil-
ity (PRAM) Program Office. The study starts by reviewing
technology insertion, focusing on the Air Force process. ]
The evolution of the USAF PRAM Program Office is discussed,
and the process that PRAM uses to assess technology is
addressed. Finally, the evolution of computer~based logis-
tics support models is reviewed, focusing on the capabili-
ties that current models offer the supportability analyst.

Three, PRAM projects were selected for analysis. The
projects represented "typical" PRAM projects. A structured
approach was taken to determine the decision orientation
and data available for each project.

A model survey was made to identify models that might
have capabilities matching the level of analysis required
for each project. The informal survey identified the need
for a greater amount of data for model use. During this
additional data gathering process, data quality issues
surfaced, indicating the need for models with strong sen-
sitivity analvsis capabilities. After all additional data
was couilected, final model selection was made, and analvses
were performed using two models, the Statistically Improved
Life Cycle Cost (SILCC) and Cost Analvsis and Strategy
Assessment (CASA) models.

This research demonstrated that more thorough eco-
nomic analysis was possible using logistics models. In
two of the projects analyzed, the findings revealed
the original PRAM analysis had overestimated the cost
savings of the proposed improvement. Additionallvy,
models were used to perform detailed sensitivity analvsis,
thereby mitigating the effects of data uncertaintyv. The
thesis concludes by recommending further work toward im-
proving data quality, developing a standardized PRAM data
collection process, accomplishing PRAM modeling implementa-
tion assessment, and coducting research into the feasibil-
ity of adapting the tailored modeling approach in other
logistics support agencies. .
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